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Mr. Curt Gardner, P.E.

Senior EHS Specialist Central Hub
BASF Corporation
3150 HighwayII
Palmyr4 MO 63461-26L1

BASF Corporation - Hannibal, MO
Evaluation of September 2009 Sodium Hydroxide Release

Dear Mr. Gardner:

On behalf of BASR The ELM Group, Inc. (ELM) has reviewed available information and
completed a deailed data analysis related to a sodium hydroxide (NaOH) release at the
above-referenced facility- The obiectives of this analysii were to: 1) eviluate potential
environmental impacts related to the release; 2) to correlate available empirical evidence
to the predicted behavior of NaOH in the environmenq and 3) provide conclusions
regarding further actions that may be needed to address the release

The results of ELM's analysis strongly support the conclusion that the NaOH released to the
environment has been attenuated to near neutral conditions via natural geochemical
processes in soil and groundwater wjthin a short time and distance from1he release
Iocation. Further, it is probable that additional buffering of the release will continue until
equilibrium is achieved. These conclusions are consistent with the results of soil and
groundwater pH measurements collected at the site by AECOM shortly following the
release, and have been further corroborated by geochemical modeling of the release.
Based on all available lines of evidence, it is concluded that the NaOH release will not
represent any long term detrimental effect to the environment, and it will not affect the
ground water treatment system being operated at the site by Wyeth. The analyses and
findings that support this conclusion are described below.

PRolrcrBacreRouro

The release of approximately 2,400 gallons of 50o/o NaOH occurred into a secondary
containment trench adjacent to the East Utility Building on September 23,2009. Due to a
lack of structural integrity in the secondary containment trench and rainfall following'the
releasg NaOH exited the trench and contacted the underlying soil. During the rain storm,
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BASF recovered approximately 5,000 gallons of elevated-pH water from containment
trench and sump. BASF was directed by the Missouri Department of Natural Resources
(MDNR) to prepare a report documenting the response to and environmental effects of the
spill. Concerns were also expressed regarding potential effects on the groundwater
treatment program being operated at the site by the previous owner (Wyeth). AECOM
subsequently conducted a limited soil and groundwater investigation of the release area on
behalfofBASF.

AECOM Limited soil and Groundwater Investigation (AEC0M, 2009)

On November 9-10, 2009, AECOM conducted a limited investigation in the release area to
evaluate potential impacts to soil and groundwater. The investigation included installation
of L4 soil borings in the release area, using either a hand auger (5 locations) or direct push
[B locations; Attachment A, Figure A1J. Hand auger borings were advanced to a rnaximum
depth of 4 feet below.ground surface (bgs) or refusal. Direct push borings were advanced
to a maximum depth of 9 feet bgs or refusal. Temporary groundwater monitoring wells
[1", schedule 40 PVC riser and screen) were installed in 7 of B direct push locations
(Attachment A" Figure A1). No well was installed at boring location SB-1 due to refusal at
2.5 feet bgs. Soils were logged by an AECOM geologist for all boring locations (Attachment
A, AppendixAl).

Soil samples were collected and composited in 2 footintervals for all hand auger locations
and one direct.push location (Sts-z). Soil pH measurements were collected using a Hannah
Model 99721meter. AII temporary monitoring wells were purged after installation and
groundwater samples were collected using disposable bailersl Groundwater pH was
screened using a Hannah Model 9025C meter. Soil and groundwater pH measurements are
presented in Table A1 and Figures A2 andA3 (AttachmentAJ.

The limited soil investigation found an average soil pH of 7.69 in shallow soil (0-2 feet bgs)
and7.52 in deeper soil (2-4 feetbgs) in the release area. Soil pH ranged between 7.46 and
8.57 in shallow soil, and 7.4L and 7.59 in deeper soil. Average groundwater pH was 8.22.
Groundwater pi{ measurement ranged between 7.18 and 7.i3,ixcept one loiation (SB-Z)
where pH was L2.2t. Excluding the reading at SB-2, the average groundwater pH
measured byAECOM was 7.56. The findings of the AECOM investigation therefo.u suppo.t
a conclusion that soil and groundwater pHs are generally near neutral, with the exception
of an isolated reading at location SB-2.

ScopnorWonx

ELM conducted several types of analyses to evaluate potential impacts due to the NaOH
release at the sitg including:
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1) Available soil, geology, and groundwater data were reviewed and analyzed to
develop basic physical and chemical conceptual site models for the site. Information
reviewed included:

a. USDA Soil Survey for Marion County, MO (198a);

b. USGS Bedrock Geology Map for Missouri (2005)

c. Boringlogs and pH measurements for the release area (AECOM, 2009)

d. "Additional Groundwater Delineation and Capture zone Modeling
Documentation Report'' (Arcadis, 2009)

2) Relevant scientific literature regarding the fate and transport of alkaline plumes in
the environment was reviewed to identiff, document ind quantis/ th; primary
physical and chemical mechanisms that would affect the 

- 
NaOH once in the

enyironment

3) Geochemical modeling using PHREEQ-C software was conducted to simulate the
effects of physical and chemical processes on the equilibrium pH of the NaOH in
groundwater

The results of these analyses provide multiple Iines of evidence to support a conclusion
that the potential impacts of the NaOH release are short-te.- ind limited. The
development of the conceptual site model and the results of geochemical modeling are
individually discussed in the following sections. The results of the literature review are
incorporated throughout, as appropriate.

Suuuenyor Frruprrucs

Conceptual Site Modets

The physical and chemical characteristics of soil and groundwater exert significant control
on the fate and transport of contaminants in the environment ELM has therefore
developed basic physical and chemical conceptual site models (CSMs) to aide in the *-
evaluation of NaOH behavior in the subsurface environment, and to predi6 potential
impacts.

Phltstcal CSM

The Hannibal, MO facility is situated along the southwestern bank of the Mississippi River.
Native surficial soils at the site aru mapped by the USDA (1984) as Carlow siity clay, a
nearly level, poorly drained flood plain soil. Carlow series soils are characteriied by a
minimum of B0o/o clay content, 2 to 4o/o organic matter content, and slightly acidic soil pH

#
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(USDA, 1984). The surficial USDA mapping is corroborated by subsurface soil 
characterizations completed by AECOM (2009) for the spill area (see boring logs in 
Attachment A), and general soil descriptions presented by Arcadis (2009) .for the entire 
site. In the NaOH release area, 6 inches to 2.5 feet of crushed limestone fill was identified 
overlying the native materials (AECOM, 2009). The silty clays extend to a depth of 
approximately 14 to 21 feet across the site (Arcadis, 2009). 

Deeper subsurface materials consist of a fining-upward series typical of floodplain deposits 
(Arcadis, 2009), in four additional hydrostratigraphic units. Bedrock underlying the BASF 
site consists of Quaternary alluvial deposits (USGS, 2005), consistent with the observations 
presented in Arcadis (2009), and is found approximately 125 - 145 feet below ground 
surface. The adjacent bedrock formation to the west/southwest is the Osagean Series 
limestone (USGS, 2005). 

The USDA soil survey (1984) states that the high water table in Carlow Series soils is 
typically Oto 1 foot below ground surface between November and March. AECOM (2009) 
identified depths to groundwater in early November ranging between 2 and 4 feet below 
surface grade, which is generally consistent with USDA predictions considering the 
additional fill material present atop native soils. 

The Carlow silty clays possess low permeability and transmissivity (Arcadis, 2009), and 
exhibit slow percolation (USDA, 1984). Because of the low permeability of the soil, no 
monitoring wells have been installed,. and no hydraulic data have been collected. 
Precipitation or materials released to the ground surface, such as the NaOH released in 
September, would be predicted to rapidly infiltrate the crushed limestone fill material at 
the surface, but infiltration to the deeper, higher permeability hydrostratigraphic units 
would be slower and limited by the low permeability silty clays. 

Groundwater flow in the hydrologic units at the site is influenced by Mississippi River 
stage, and is typically ( ~75% of the time) from north to south under a very low to flat 
gradient (Arcadis, 2009). The groundwater flow direction can reverse and flow from south 
to north, resulting in groundwater discharge to the river. Extensive groundwater 
monitoring at the site indicates that these flow reversals are rare and transitory (Arcadis, 
2009). At times of elevated flow in the Mississippi River, the hydraulic gradient can 
increase substantially, but remains away from the river. 

Groundwater flow at the site will be further influenced by extraction wells present as part 
of the treatment system operated by Wy~th. Based on particle tracking analysis completed 
by Wyeth in support of the design of the ground water extraction system, transport time 
from the release area to the nearest extraction well (RW-2, approximately 600 feet to the 
southwest) in the lower, higher permeability hydrostratigraphic units would be 
approximately 6 months to 1 year depending on river stage conditions (Arcadis, 2009). 
However, this time frame underestimates the time needed for transport from the point of 
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the release to the nearest extraction well because it does not account for vertical transport
through the 14 to 2L feet of low permeability silty clay. Because of the buffering effect of
several natural chemic-al processes (discussed below) and the transport time required
before groundwater affected by the NaOH release .outa porcntially reach the extraction
wells, there is no realistic potential for the Na0H released at the site to affect the
groundwater treatment system

Chemical CSM

The resistance to pH changes in soil in response to acid or base addition (i.e., buffering) is
contr-olled by several chemical mechanisms, which, to some extent, are a function of soilpH. For examplg at a low soil pH (.4.5),aluminum compounds are primarily responsible
for soil buffering fBrady & Weil, z}ozj. However, at intermediate pu (+.i-2.5), cation
exchange by clay and organic matter is tire primary mechanism responsible for moderating
changes in response to the addition of acid or Uase (Brady & Weil, ioozlin soil. At high pfr(' 7'5), carbonate equilibria is the primary mechanim responsible for pH uururing irisoits
(Brady&Weil, Z00Z).

It can be predicted that both mechanisms would have acted to bufferthe NaOH released at
the site' Buffering of the NaOH release by carbonate equilibria and cation exchange would
begin during initial infiltration of the spiil and continue-as the spill moved through the soil
and mixed with vadose zone moisture, ground water and rainfall, until equilibrium was
reached. The high alkalinity associated witt ttre NaOH release would also cause mineral
dissolution and precipitation reactions that would have further moderated the pH. The
following sumrnarizes tle chemical mechanisms responsible for buffering the NaoH
release"

Carbonate E-Quilibria (pH > 7.5): Upon release from the containment trench, the
concentrated NaOH would have contacted the crushed limestone (CaCOl) fill present
throughout the release area. The increased pH, in conjunction rvith 

"*porr." 
to Coz in the

atmosphere and dissolved calcium (Caz*1 and magnesium (Mgz*) ions in vadose zone water
(unsaturated and capillar;r zones), would ,.ril.t in the [recipitation of calcium and

Ca2* + Mg2* +HzO + COz) CaCOs (MgCOl) + ZH* (Denham, 1998).

-@anddrumaticredirctioningroundwaterpH,asdocumEnt6cllntheliterature
[wa& 2004b). Additionally, the NaoH would have iffiected the carbonate equilibrium
reaction in the crushed limestone, which is governed bythe equality (Langmuir, tboz'1:

H* + HzCOg = COr2- +OH-

&
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The addition of hydroxide ions from the NaOH would have forced the equilibrium reaction
to the left, creating more hydrogen ions and further decreasing the alkalinity of soil water
and groundwater. Initiation of the two carbonate equilibrium reactions invoMng dissolved
phase constituents are nearly instantaneous (Langmiur, L997),and it can be concluded that
buffering of the high pH resulting from NaOH release began to occur immediately on
contact with the limestone and ground water.

Cation Exchange fuh a.5 - 7.5): Although it is likely that ttre carbonate equilibria reactions
discussed previously would have rapidly buffered the NaO[t release, any residual NaOH
would have been buffered via cation exchange with the native underlying soil.
Montmorillonite is the predominant clay mineral in the Carlow series soils (USD A, LgB4).
This phyllosilicate, smectitic clay is characterized by an abundance of exchangeabl,e
sodium, calcium, aluminum, and magnesium, resulting in a high cation exchange capacity
(CEC; Brady & Weil, 2002). The CEC for site soils can be estimated based on soil texture
and organic matter content, using the following formula

CEC (meq/100g) = [70 organic matrer * 200) + (% clay* 50J

Based on this formula and using the lower end clay and organic matter content percentages
described in USDA (!984), the estimated minimum CEC for Carlow series soils is 44
meq/100 g soil. This estimated value is consistent with the range of CECs for clay, and is
considered a conserrative estimate. Measured CEC for pure montrnorillonite is reported to
be in the range of B0 to 750 meq/L00 g; and is not pH dependent (Langmuir,1gg7).

Due to the high CEC of site soils, the release of NaOH to the environment is predicted to
result in significant exchange of sodium (Na.) from the NaOH for calcium (Ca*; and/or
magnesium (Mg2.) from the clay, via the reaction:

Na* + 1$. Ca-X) Na-X + lz Caz*

where X is the clay complex [Wan, 2004b).

The release of exchangeable Ca and Mg would have provided additional reactant for the
precipitation of calcium and magnesium carbonates'as described above, reducing the
elevated pH of the NaOH release. As is the case with the carbonate equilibria reactiorrs
disc-ussed previously, cation exchange reactions are also nearly instantaneous [Brady &
Weil, 20AZ), so the montmorillonite would have begun to talie up sodium and release
calcium and rnagnesium immediately upon contact with ttre NaOH .ilumu. Given the high
sodium concentrations, cation exchange is expected to be complete (Wan, 2OO4).

An approximate soil volume required to completely exchange the sodium from the NaOH
release can be estimated using the CEC for site soils (discusied above). Fiffy percent [S0
%o) NaOH contains approximately 19 Mol/L, or 19 Equivalents [eq)/L of sodium. If ii is

&
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assumed that the entire spill volum e of 2,400 gal is retained in the surface soils - without
any effect of the carbonate equilibria reactions - then approximately 180,000 eq of sodium
(from NaOH) would need to be accommodated to achieve complete iation exchange. Using
the minimum soil CEC of 44 meq/100g for Carlow series soil and a bulk densif of 1.3i
g/cm3 (USDA 1984), a CEC of approximately 594 eq/m3 soil is obtained. Based on this
calculation, the entire spill would be completely buffe.ed by the soil within an area of
approximately 20 meters by 15 meters (60'x 45'), assuming a one meter penetration into
the underlying soil. This calculation overstates the volume of soil needed tb zutty exchange
the sodium by ignoring the buffering effects of the carbonate equilibria reactioni and usiig
the minimum CEC for the Carlow series soil.

Mineral Dfssolution and Precipitation:The reaction of NaOH with site soils is also predicted
to result in the dissolution and precipitation of silicate minerals at pH > 10, and further
contribute to the neutralization of alkalinity [Wan, 2004b; He et al, 2005). Dissolution of
quartz at high pH results in the generation of protons by the reaction

SiOz + HzO = HzSiO+2- +ZH* (Wan, ZOO4b).

When this reaction occurs in the presence of high sodium concentrations, as is the case
wi'th the NaOH release atthe tsASF site, re-precipitation of sodium silicate rninerals occurs,

H+SiO+ + frfx2+ = NazSi0r6c"ocrioitel + HzO + ZH*

enhancing silicate dissolution [Wan, 2004b;Den& 2ll6)and further lowering the pH by
the production of protons.

Laboratory studies by Wan and others (2004) demonstrated that the reactions discussed in
the chemical CSM can collectively neutralize alkaline plurnes from a pH of L4to 6.3 in less
than 2 meters of vertical transport through the soil .olumn. It is theiefore predicted that
the effects of the NaOH spill were n"tu.rii1, abated by soil chemical reactions wlthin a short
distance ftom the release location.

Geochemical Modeling

ELM conducted basic geochemical modeling using PHREEQ-C software (parkhust and
Appelo, 7999). The modeling simulation of the chemical mechanisms actingupon the spill
provided further perspective on the extent to which the natural processes discusied
previously were capable of buffering the effects of the NaOH release and assists in
explaining the near-neutral pH levels observed by AECOM in the majority of the sampling
locations.
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lTud on the physical and chemical CSMs described above, the modeling simulated the
following mechanisms that would have acted on the NaOH spill when the NaoH was
released:

o mixing of the 50% NaOH released from the containment sump (solution 1 at a pH of
14) with calcite-equilibrated shallow groundwater in the limestbne fill (solution 2 at
a pH of 7.3). The mixing of the two solutions results in a diluted NaOH solution
(Solution 3] with a pH lower than the original NaoH release but higher than the
calcite-equilibrated ground water.

o re-equilibration of Solution 3 with calcite, which is appropriate given the ubiquitous
presence of limestone fill in the release are4 and ttre predicted slow infiltration rate
to underlying silW claf:, The model predicts that the resulting NaOH and ground
water solution fsolution 4J would have possessed a pH that was substanuall/lower
than that resulting only from dilution, and with the addition of rain water,
approached neutral.

o cation exchange of Solution 4 with monhnorillonite to simulate infiltration into
native site soils resulting in a final Solution 5.

For modelingpurposes, t}te followingvariables were used:

The area of the release was assumed to be tJre entire loading area adjacent to the
East Utilities tsuilding an area of ZOOmz fFigure 1J.

o The average depth of the Iimestone was assumed to be 0.5, (0.163 m).

o The chemical composition of rainwater at the site was approximated using average
annual precipitation chemistry as rneasured approximately ZS miles southwert of
the BASF facility in Boone County, Mo (Table 2l NADN, zabo-zoog). As nore4 the
average pH of the rainwater is approximately 5.3.

o Estlmates of dilution by rainfall were made using precipitation amounts for Quincy,IL fapprox.7 mi. north of the BASF facility) between September 23 and Septlmber
27,2Q09 (1.2 in. rotal; Weather Undergroun{ 2010).

A sensitivity analysis was also conducted to test the effect of input parameters on model
outcome. Specifically, the effect of the folowing two variables wai tested:

aJ the pH of the release (i.e. varylng the composition of the initial NaOH release
(Solution 1) to account for potential dilution by rainwaterJ. This analysis is
considered tle most representative of actual site ionditions given the rainfall that
occurred on the day ofthe release.

#
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b) the relative proportions of NaOH mixed with site groundwater. Although ttris
simulation does not account for the effects of mixing the release with rain water, it
does provide an indication of the worst-case volume of water that would be needed
to buffer the effects of the release.

The model input scenarios and results are summarized in Table 1. Model output is
provided in Attachment B.

Discussion of Results

The geochemical modeling provides insight into the effectiveness of the natural
mechanisms in bufferingtheelevated pH..ru-=lting from the NaOH release and supplements
the understanding of the soil and ground water pU levels observed by AECOM during the
October 2009 investigation. [n particular, the modeling results providl a basis to conclude
that dilution alone would not have been sufficient to moderate the pH from the spill, and
that the carbonate equilibria reactions were most likely the primary meihanism
responsible for mitigating the effects of the NaoH release.

Key observations from the modeling as presented in Table 1, include:

o Mixin8 with the lower-pH rain water likely provided a significant initial reduction in
the pH of the release. As a result of the lower pH in the rain water (average of S.Z4)
and the presence of calcium.and magnesium, it is predicted thai tfre pH of the
solution actually discharged to the subsurface was closer to 10 than tJre pU of L4 of
the 50%o NaOH. It is to be noted that the majority of the geochemical benefits from
the rain water are obtained with the initial miring and additional precipitation
provides only dilution benefits

o Equilibration of the NaoH/rain water mixture with the underlying carbonate
material buffered the pH of the release to near-neutral conditions, as observed by
AECOM.

o The spill does- not represent a threat to the underlying higher-permeability
hydrostratigraphic units. When the solution buffered Uy ttre ."iborrut" equilibria
reactions is subjected to cation exchange, as would occur as ground wdter is
transported vertically through the underlying Carlow silty clay, i pH slightly tess
than neutral is predicted.

o The effects of cation exchange, which would be predicted to reduce the pH to less
than7, are likel5r ongoing. As discussed in the physical CSM, infiltration into and
through the Carlow series soil is predicted to be slow, and as the equilibrated
ground water moves through the soil, additional buffering will occur.

#
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a Even without the benefit of the rain water mixing or cation exchange, the pH of the
spill would have been reduced to approximately 8.5 by carbonate equilibria
reactions and dilution in approximately 50,000 gallons of ground water. Assuming a
two-foot saturated thickness and a 0.3 porosity, the pH reduction would have beln

conclude
the NaOH release been

accomplished within an area of approxima
obviously overstates the potential area of
that, even under worst-case conditions,
attenuated within a relativelysmall area.

tely 10,000 square feet. This calculation
impact but provides a

Comparison of model results to observed pH measurements within the release area
supports the conclusion that the model satisfactorily predicted the fate of the NaOH spill as
a result of dilution and equilibration with naturally occurring mineral phases at the siie. As
presented in Table 1, the model simutration predicted a pH of approximately 7.3 in Solution
4 when the effects of rain water mixing and carbonate equilibiii reactions are considered.
This model-simulated pH compares favorably with the average soil (7.52 - 7.69) and
ground water pH (7.56 outside of the SB-2 location) pH measure-ents reportea Uy
AECOM.

Based on the model resulE t}re released NaOH is predicted to be neutralized to pHs at or
near natural site conditions without further treatment or recovery. Spill area pH
measurements collected in November indicate that soil and groundwater had alreidy
Iargely neutralized the released material, and, as discussed 

"bouu, 
it is probable thit

ongoing neutralization via both equilibria reactions and cation exchange is ongoing. These
findings are consistent with the physical CSM of slow infiltration into ttre underlying
Carlow series soil, where the cation exchange will occur, and the understanding thal
reaction half-lives for equilibrium processes involving solid mineral phases are on the
order of weeks to a year (Langmiur, lgg7).

CoNcr,ustorus

The potential impact of a release of approximately 2,400 gallons of NaOH adjacent to the
East Utilities Building was conducted to predict the environmental fate of the release and
develop conclusions iegarding the need for additional actions to address the release. The
site-specific geolory and hydrogeology were evaluated, and scientific literature
documenting the mechanisms affecting the fate of alkaline materials in the environment
was reviewed.

Based on the information obtainefr-physical and chemical conceptual site models were
developed based on this data review. Based on the physical csivt, both horizontal and
vertical transport of ground water is slow. Verticai transport is limited by the low
perme_afility silty clays present in the shallow subsurface, and horizontal trinsport is
limited !f tt e very flat horizontal gradient (0.0004 - 0.003 ft/ft) documented at rhe site as
well as the low permeability rnaterial. Based on the geolory and hydrogeolory documented

E m



Mr. Curt Gardner, P.E.
BASF Corporation
February L5,?OLA
Page 11

in the physical CSM, there is no realistic mechanism for the NaOH/elevated pH material to
affiect any receptor, including the river or the Wyeth ground water extraction and
treatment system:

o The ground water flow direction is typically north to south, away from the river, and
the spill was approximately 1,800 feet away from the river.

o The Wyeth extraction wells will be installed in the lower hydrostratigraphic units in

-\ fle\to achieve the projected 150 gpm extraction rate. This, in ordei for any of the

.rt 
- \ W9j reach the nearest extraction well, it would need to be transported vertically

\" thl-fugh approximately 20 feet of the silty Carlow clay and travel several hundred
feet horizontally. Even if the ground water within the release area were to be
transported vertically and horizontally, the pH effects of the spill would be fully
attenuated by cation exchange in the clay, as predicted by the modeling.

As discussed in the chemical CSM, carbonate equilibrium reactions, cation exchange, and
mineral dissolution/precipitation are the primiry mechanisms that will affect the NaOH
release. As documented in the scientific literature, these mechanisrns are predicted to
contribute sufficient acidity to neutralize the alkalinity introduced as a resulf of the spill.
As presented prgv_i9usly, relatively small volumes oi soil fapproximately ,Og rna1 ind
ground water (50,000 gallons) would individually be adequiteio attenuate the effects of
the release. The combined effects of the physicil and chemical attenuation mechanisms
would have reduced the pH to near neutral conditions within a short distance from the
Iocation of the release.

The predictions based on the CSMs are corroborated by geochemical modeling using
PHREEQ-C geochemical software. The results of the ,odut simulations sufport i
conclusion that the mixing with rain water and subsequent carbonate equilibria reictions
would have reduced the ground water pH to near,neutral (2.3).onditionr, which is
consistent with the average pH in ground wateq outside of the ig-i tocatior; measured by
AECOM.

The physical and chemical CSMs and modeling results also support a conclusion that
further buffering of the NaOH release is occurring. The crushed limestone fill material will
prgvtde an ongoing source of carbonate, and, 

"r 
the spill/rain water/ground water slowly

infiltrates into the underlying silty clay, additional buffLringvia cation exchange will occur.

&
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Based on tlese findings, no further action is recommended in response to the NaOH release
at the site. The alkalinity associated with the spill is predicted to be neutralized rapidly and
within a short distance from the release location via natural processes, and this prediction
has been corroborated by pH measurements in the spill area. Furthermore, the ipill is not
anticipated to result in detrimental effects to either the onsite groundwater treatment
system or local ecological receptors (i.e., surface waterJ.

!f you have any questions regarding tJre information presented in this report please feel
free to contact our office.

Sincerely,

ELM INC.

Wollenberg P
Project Manager

c: M.r. Vernon Burrows, BASF

#
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Table 2

Chemical Composition of precipitationl

Boone Countn MO

1
NADN,2006-2008

Constituent 2008 2007 2006 Average
Calcium

Magnesium

Potassium

Sodium

Ammonium

Nitrate

Chloride

Sulfate
pH

0.28
0.028
0.03

0.078
0.33

o.87
a.t2
1.03

5.6

0.256

0.035

0.052

0.097

0.335

4.978
0.136

1.036

5.t7

0.837

0.038

0.048

0.o7

0.4L4
1.163

0.111

7.328

4.95

0.458
0.034
0.043

0.082
0.360
1.004

o.L22
1.131

5.24

#



Mr. CurtGardner,'P.E.
BASF Corporation
February 15,2010
Page tS

Armcr*rnms

AttachmentA: Initial Site Investigation Findings (AECOM, ZOOI)

Attachment B: Model Run Output

:,i's,



Mr. Curt Gard.ner, P.E
BASF Corporation
February L5,2A7"0
Page 16

AttadtmentA

Initial Sitc Invesfrgafron Findtngs (AECOM, Z00g)

#



Table Al 
Soll and Groundwater pH Results 

BASF Corporation - Hannibal, MO 
Source: AECOM Initial Site Investigation (November, 2009) 

Boring 
Date 

Total Depth 
Location (ft bgs) 

~----~~~ t ... •·•• tJ,.- ';, ' ·f...;"'1;.Jr/•;,
1

,,.../,,;,.,._,~..; ±f~lf, ,\--.'1\..,• ;;,. 
r« ',::>f.,..,;.-' ?'y:..,. ,..,,0n~ - - ~ ,., •;:,,k4 k~i.i r.x,.-1t, rl"1~w : 

HA-1 
HA-2 
HA-3 
HA-4 
HA-5 
HA-6 

11/9/2009 
11/9/2009 
11/9/2009 
11/9/2009 
11/9/2009 
11/9/2009 

4 
4 
4 

4 

4 

4 

Soil pH 

0-2 ft bgs 

8.57 
7.62 
7.49 
7.46 
7.53 
7.37 

Soil pH 

2-4 ft bgs 

nt 
7.59 
nt 

7.58 
7.51 
7.41 

Depth to 
Groundwater 

(~ bgs) 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

Groundwater 
pH 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

-,;~~;;-;~-~;-; .,. ~:·,-;.::---~-~--·:-·:-···::7:":':::"":-;::~:· .,, ... '·¥ ' '·' ' ,;,.; .;r ··,,.,,,~ ,,,, ·-
i~ ', ;;~" ,/,;,,,:~~!" :;;?,:;,{!} ;,;,.';:):r < " , .. ii r ,, ~y }Y<?: "1-' V;i~~' ~ ,1ft':":B4'4,/2 <,.:\.>#c <\,, ~~i 1~(}~.h~~tllt~-.;1"1~,: 

SB-1 11/10/2009 2.5 n/a refusal @ 2.5 refusal @ 2.5 n/a 
SB-2 11/10/2009 8 7.77 nt 4 12.21 
SB-3 11/10/2009 9 nt nt 4 7.93 
SB-4 11/10/2009 8 nt nt 4 7.18 
SB-5 11/10/2009 9 nt nt 5 7.3 
SB-6 11/10/2009 9 nt nt 5.5 7.36 
SB-7 11/10/2009 9 nt nt 3.5 7.88 
SB-8 11/10/2009 9 nt nt 0 7.71 

bgs below ground surface 

n/a not available 
nt not taken 
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DRAFT

l 
*reou

Cftezr.' BASF - Hennlbal
BORING ID: EA-IProied Number: #60 I 42 705

Site Laation: 3150 Hlphwav JJ. Palmvra- MO

Coordhaes: El*ation: Shea: I ofl
Drlllltp Method: Hand Auper Vonitorlnz Wel I Ins nl led :
Samole Tvoe(i: SoiI Borinp Dlameler: 1 in 9umd Interval:

Weather: Clear, 60 " F Mau lzwis Stmd: ll-9-09 Duth of Borins: 2ll
Contractor: Harrlss Elmtion: I t-9-09 Watq lael: nla

I
&
d

o

A
g
d
E

o
o
o

g
Ro
on
a

I
a
,
a

e

b
o

&

Eog

o
9

q

v1
:)

MATERIALS: Color, size, rangg MAIN COMPONENI, minor
camponent(r), moisture content, structure, rnguhrity, mrxlmum grrin flze,

odor, eud Geologlc Unlt Qf Krown)

o

E
o
b
J

a€
^o5A

I

3

4

Crushcd lim€stmc b&lfill, damp to moisq rcfusal al 2.5 fl. PH

8.75

NOTES: rcfuslat2lcatims

Ctco&.d tt' Drh

hc Tir M b mdi..aqfiiL&iltiE



DRAFT 

Client: BASF - Hannibal ,A~~M Project Number: #60/42705 BORING ID: HA-2 

Site Location: 3150 Hiyhwav JJ. Palmyra, MO 

Coordinates: Elevation: Sheet: I of I 

Drilling Method: Hand Auyer Monitoriny Wei/ Installed: 

Samole Tvoe(s): Soil Boring Diameter: 4in Screened Interval: 

Weather: Clear, 60 OF Logged By: Matt Lewis !Date/Time Started: JJ-9-09 Deoth of Borinf!: 3.5 ft 

Drillinf! Contractor: Harriss Dril/iny Ground Elevation: lvate/7ime Finished: / l -9-09 Water Level: 2 JI 
8 g ~ 1 8 -a &, " g .;; -li 

"' MATERIALS: Color, size, range, MAIN COMPONENT, minor component(s), " -a. g i fr il :§, 
" Li -a. ij t Cl 

Q, 
ll moisture content, structure, angularity, maximum grain size, odor, and ij ! ~ ~ "' "' ·i -a .a" ;:i Geologic Unit (If Known) "' .D 

" Cl 0 > .g j Cl 
~ iii 0 .. 0 " ,:! " ...l 

~ "' :i:: 

- Crushed limestone back:fii~ moist to wet at 2 ft. pH 

I -
7.62 -

2 - Y..:..lm 

-
3 - Biaclc, SIL TY CLAY, wet, organic odor. 

7.59 -
4 - 3.5 ft End of boring - Gravel cave in 

-
5 -

-
6 -
-

7 -
-

8 -
-

9_ 

-
10_ 

-
II_ 

-
12 -

-
13_ 

-
14 -

-
15 -

-
16 -

-
17 -

-
18_ 

-
19 -

-
20 

Date Time Dq,lh., --while drilling 
NOTES: near source area 

Cbcckcdbv Date: 



DRAFT

- Hennibel

#6014270s

3150 MO

BORINGID: HA-3

I I
Hand Well Installed:

I

I
I

4in Inlemal:
60 "FWeather Mau lzwit I t-9-09 )

Contactor: Huriss Elmtlon:. Fiaithed: Il-9-(D Izvel: n/a

d
€r
a

o
o
E

'6
o
o
o

€
€
&a

-9a
E
o

I

o

'oo

&
E

b
o

d

Eo4

o
!

q.
o
ul

MATERIALS: Color, slze, renge, MAIN COMPONENT, mtnor
componeat(s), molsture contetrt, structurg rngulerity, merlmum grrln elze'

odor, end Geologlc Unlt (IfKnown)

o
!&
E

@
!
J

g6
^A5A

Crustrcd limestone backfill, danp to moisq concAc rcfusal at 2 ft.

t5

l7

5

6

7

l4

t6

l8

20

1

3

4

9

l0

ll

12

l3

Fnd ofboring.r 2 fl

pH

7.49

Ih Tim
NOTES: refircal at 2 lmrim (mft& pad) bcrwa contdmats



DRAFT

BASF-
Number:

Iaation:3150 MO

BORING ID: HA-l

I I
Method:

*Effi{i

4inSoil Iamal:
60 'F Mau lewis I t-9-09

I l-9-09 Lqel: 2.5

0
o

6

o
-9an
E

.9do
o
o

e
€o
A
d
E
o

I
ba

o
E

a
2

b

d

E
d

o
!

q
q

MATERIAIS: Color, slze, range, MAIN COMPONENT, mtnor
component(s), moisture content, structure, rngul.rity, mulmum grein size,

odor, end Geologic Unit (IfKnown)

I
q
Hq-

J

Ee
ad

38'

DaA Bmwn, SILTY CI,AY, damp ro wa &t 2.5 & m odor

a

3

4

5

6

7

8

9

l0

ll

t2

l3

t4

l5

l6

t7

t8

t9

Etrd ofborirg at 4 ft

7.5E

plr

7.4

Irlb Tir



DRAFT

Criar.' BASF-

Number:

Imation:3150 MO

BORING ID: HA-S

Elevation: I I
l{ell lretalled:

Diameter: 4 in Interual:
60 'F Maa Lcwit Surted: I l-9-09 3.5

Haniss Fhished: ll-9-0'!) Isel: nla

I
&

o

o
r
E

o
Eo

0
E

6
.ga
E

o
b4

'o,q

!

a.

o

d

g
do

Ia
!

q2

cl
q
5

MATERIALS: Color, size, nnge, MAIN COMPONENT, mlnor
component(s), molsture content, structurg engularlty, mrrimum greln slzq

odor, end Geologlc Unit (If Known)

o
4a
Ho
!
J

Bg
s8'

Duk Brcw4 SILTY CLAY, dmp to moisq rc odor, rcfual ar 3.5 ft

2

8

3

4

5

9

l0

ll

l2

t3

l4

t5

t6

t7

TE

l9

7.51

pH

7.53

m TiE



DRAFT

BASF-

Loutlon: MO

BORING ID: HA-6

I I
Well Insnlled:

F Maa Lewit 2.5
Harriss El*ation: nla

a
4
a

A

E.
E

o
o

€
€
B
Ag
Aq
Eq

I

q

'oaq

E
.E

ro
&

Eog

o

q
q
q.

MATERIAI^S: Color, slze, range, MAIN COMPONENT, mlnor
compotrent(s), molsture conteog structure, rngulrrity, mtxlmum grdn rlze,

odor, end Geologic Untt (IfKnown)

o
d

5q
b
J

Eg
38'

Crohed limcstmebrcui[, danp to moisr, €vc in at 2J ff.

2

3

4

5

5

7

8

9

l0

ll

t2

l3

l4

t5

l6

l7

t8

t9

20

7..4t

pH

7.37

Irrb TiE



DRAFT

Inulion: MO

BORINGID: SB-l

Elevatlon: T I
Well lrutalled:

Dlameler: 4 inSoil Intmal:
45-50'FWeather: Mai lzwb Surted: II-I(N)9 2.5

Contactor: Harriss Finished: Il-104'!) Inel: nla

&
e
o

A

E

ao
o
o

c

Ba
.go
E
4

u
o
,a
o

n

b
o

&

E
a

o
6

!E

q
I
a-p

MATERIALS: Color, eize, nnge, MAIN COMPONENT, mlnor
component(5), molsture contetrt, structurc, etrgularlty, mrdmum grjn slze'

odor, end Geologlc Unlt Of Known)

q
Eq

b
J

r
4

o

Cruhed lim€storc baaldll, damp to moirt, @ns€te pad at 2.5 ft.

l3

l4

l5

l6

t7

t8

l9

20

IO

lt

t2

2

3

4

5

6

8

9

h TiD



DRAFT

MO

BORINGID: SB-2

Elevation: I

AWffi,

Dimeter: 4
45-50'F l,hu lzwir

Harbs Elevaion: Fiatrhed:

&
E
d
a

a

E

o
o
o

g
€
d

A
E
5a

!c

t

b
o

d

a
4
-9

a

o
:E

do
(.)
a
a
F

MATERIAIS: Color, slze' renge, MAIN COMPONENT, minor
componelt(s} moisture contetrt, structure, rnguhrlty, mexlmum grd,n rize,

odor, end Geologic Unlt (IfKnown)

A
q
E
q
&
J

B5
ad

38'

Crohcd limestme bactlill, darb to moist

8 HA

Blact, SILTY CI"AY, moist to wct, orgmic odtr2

4

5

6

7

9

l0

il

t2

l3

t4

t5

t6

l7

IE

r9

7.77

pll

IhE TiE
NOTES: Tmpqry piaomotE sct at totat dcpth of8 ft with 5 ft of ssca.

Ch.dcd



DRAFT

I MO

BORING ID: SB-3

Elevation: I I
Direa Push Well lretalled:

AEffi&fil

Diameter: 4 il I*nal:
Wealher: Rain, 45-50 " F MaaLNis Surtzd: I l-1049

Haniss Elevalioa: Fhished: I I-1049 Iael: 4

&

o
o

o
a
E

.9{o?
o

t
B
A
o
E

d

:E

no
4o
o

!
c

b
oId

Eog

d
!

n
o
A

F

MATERIAI^S: Color, size, renge, MAIN COMPONENT, mlnor
component(c), mokture content, structue, rnguhrlty, mtrlmum grdn slze,

odor, rnd Geologlc Unlt (If Known)

g
o
Hq
s
'.i

B€
al

38'

Cruhcd limestme backfill, damp to moist

4

9 GP

D8r& Brcmto Bleck, SILTYCIAY, moistto w€t,modor

5

8

2

3

4

9

l0

ll

t2

l3

l4

IJ

l6

t7

l8

t9

20

Ddc Tir
NOTES: Tcmpcaypimaas€t.ttord dcpthofg ft with 5 ftofsm.



DRAFT

BASF.
Nwnber:

Inutlon:3150 MO

BORINGID: SB./

Elevation: I
Method: Well Installed:

&E$W&

Dimeler: 4Soil Inlenal:
45-50'FWeather: Maftliwis I

Conlractor: Finished: 4

G

o
o

a
q
E

o
o
o

€
5r
o

Ho

!
5

!

z.

o

&

d

g

a
E

vl
q
q
p

MATERIALS: Color, elze, renge, MAIN COMPONENT, mlnor
oompotretrt(5), molsture contert, rtructure, rnguhrlty, urrlmum grrh 6lzq

odor, and Geologic Unit (If Known)

o
Io
E

t
s

r
4
o
o

Crush€d limcstonc bac&fiIl, damp to moist

Dat Brcm to Blaclq SILTY CLAY, moist to wet, no odor
2

3

5

6

7

9

l0

II

t2

t3

l4

l5

t6

t7

t8

l9

Ibc Tim
NOTES: Tmpouy pimmcta s€t .t totsl @th of g ft with 5 ft of som"



DRAFT

- Hrnnlbal
#60142705

3 t50 MO

BORINGID: SB-5

Elsation:
/ Direct P6hHand

AEffi{.

Soil

45-50 " FWeather: Maa lzwit 9
Contraetor: Elqation; Waterlavel: 5

&
&
d

o

3a
E

oo
o
('

a
Io
o
d
E
o

o

t

3
e
d
o
o

a'
o

d

Eq
I
q

q
o()
r
E
F

MATERIAI-S: Color, sizc' rangg MAIN COMPONENT, mlnor
component(s} molsture contcnt, rtructure, atrgularity, marlmum gnln slze'

odor, end Geologlc Unlt (IfKnown)

A

r
Eq

!
s

Ee
aa

38

Crushcd limeme bac&fiIl, damp to moist

IIA

Dart Brcm to Blaclq SILTY CI,AY, moist to wct, no odor

t7

2

3

4

5

7

l9

9

l0

ll

t2

l3

t4

l5

t6

Ddc Tim
NOIES: T@pney pieomctq ret at totel dcDith of 9 ft with 5 ft of saa,



DRAFT

MO

BORING ID: SB-d

I I
/ Direct Push Well Installed:

,.gffilr{

Interval:
F Mau Lewis 9
Harriss Elqation: Level: 5.5

G
4
o
A

a
a
E

o
o
o

G
Eo
o
o
o
Eo

{a
!c
E

3o
4o
o

.E

a

d

Eog

d

o
(.)
Aa

F

MATERIAIS: Color, eize, renge, MAIN COMPONENT, minor
component(r), molsfure contetrt, structure, rngulrrlty, mexhum greln eize,

odor, and Geologic Unlt (If Known)

o
o
E
q
I
J

r
6A
o

I
},1

Crushcd limestone b&ltrll, damp to moist

4

9

Dak Brcm to Blac,lg SILTY CLAY, moin to wot, no odor2

3

4

5

6

8

9

l0

ll

l2

l3

l4

l5

l6

t7

l8

l9

20

Datc TiG
NOTES: Taporary piemet€r sct sr tobl dr?th of9 E with 5 ft of scrca.



DRAFT

BASF- Hennibd

Nmber
Inution:3150

BORING ID: SB-7

Elevalion: I I
Push Well lrctalled:

*sffie{

Diameter 4 inSoil Intemal:
45-50 " F Lewis il-tu09 9

Contractor: Hurbs Finished: ll-1049 Water Inel: 3.5

&
I

a
o
s

'6
o
o
o

G
ao
A
.9A
E
o

U
a

!
E

nI4
8o

-
a
x
b
o

d

E
aa

d

E

q.
q
q.
p

MATERIALS: Color, slzr, renge, MAIN COMPONENT, ulnor
component(c), molature content, structure, rngularity, merimum greln slze,

odor, and Geologlc Unlt flfKnown)

a
.9a
Eq
o
J

l-
E6
^o33

Cruhcd limesono brckfill, dup to moist

9

Dilt Brcm to Bl8ck, SILTY CLAY,moisrtowct m odor

2

4

5

6

7

E

9

t0

ll

t2

t3

t4

I5

l6

t7

l8

l9

End ofboring 9 ft

DE Tie
NOTES: Tmpqary piezmcts sct d tot l dc'pth of 9 ft with 5 ff of rca.



DRAFT

BASF - Hennlbrl
Number: t160142705

Lourion: 3150 MO

BORINGID: SB-8

Elevalion: I I
Method: Hand Push Well lwulled:

Soil Intemal:
45-50 " FIYeather: Iswir Starpd: 9

Contrrctor:

G
€A
a

Q
-9a
E

'a
o
o
o

a
5

a
.ce
E

d 5

o
(,

E

b

&

g

o
E

q
(l
q

MATERIALS: Color, size, range, MAIN COMPONENT, mlnor
compotrent(s), molsture content, structure, ttrguhrity, mrrlmum grrh rizr,

odor, rdd Geologlc Unlt (IfKnown)

A

d
s

q
!
J

E6
6A
^o3E

Crushcd limctonc brckfill, wct st $rfe

Dtrk Brom to Blac& SILTY CLAY, weq lo odor
3

4

5

7

9

t0

tt

12

l3

l4

l5

l6

t7

t8

r9

Pn<! ofboring 9 ft

I),. Tie
NOTES: Tmprarypiemaa sct attotat depthofg ftwith 5 ft ofsm.
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Run 1 40? GroundwaEer: 50? NaOH

fnput file: C:\Documents and Settings\.Iennifer\My Documents\BASF-Hannibal MO\PHREEQ
\010510\40-60\mix NaOH and calcite GW.pqi

Output fiLe: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEe
\010510\40-60\nix NaOH and calcite Gl,{.pgo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGEIPECIES
SURFACE t'laSfEn SPECIES
SURFACE-SPEClES
RATES
END

Reading input data for simulation L.

DATABASE C: \Program Fites\USGS\Phreeqc Interacti_ve 2.].5. 0\phreeqc.dat
SOLUTION 2 NaOH

temp 20
pH 14
pe4
redox pe
units rrnol,/kgno
densi-ty 1
Na 24.9 Mol/kgw
water 1 * k9

SOTUTION 1 GW G eqb w,/ Calcite
temp 20
pH 7 .301.
pe -1.84L
redox pe
units runol/kgw
density 1
Ca 0.001-789
c 0.003961
water 1 # kq

SAVE solution l--2
MIX 1 Mix NaOH and GIrI G equ w./ calcite

1 0.4
2 0.6

Beginni-ng of initial solutj_on calculatj_ons.

fnitial solution 1. GW G eqb w,/ Calcite

Elements Molality Moles

c
Ca

3.961e-006 3.961e-005
1.789e-006 1.789e-006

plI
pe

Activity of water
Ioni-c strength

Mass of water (kg)

= 7.301
-1.841
1.000

5. 444e-006
1.000e+000

--Description of solution--



Percent enor,

Total alkalinity (eqlkS)
Toral CO2 (mol/kq)

Temperature (deg C)
Electrical balance (eq)

,gg* lcat- lAn I ) / (Cat+ lAnl )

Iterations
Total H

Total O

: 3.626e-006: 3.951e-006
= 20. 000
= -4.751e-008
= -0. 65:3
: 1.1: 5.5

L0124e+002
50623e+00l"

-Distrj-bution of species---

species
Log Log Log

Molality Activity Molality Activity Ganrna

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
02

l-.361e-007
5.014e-008
5.551e+001

1.058e-025
1.058e-025

3. 951e-005
3.533e-006
4.245e-007
3.000e-009
7 .328e-011
8.055e-012

1.789e-005
1.789e-006
7.328e-011
8.055e-012
5. 8 8 9e-012

1.791e-014
8. 953e-015

0.000e+000
0.000e+000

1.358e-007
5.000e-008
1.000e+000

3.524e-005
4.245e-007
2. 968e-009
7.309e-011
8.056e-01-2

1.770e-006
7.309e-011
8. 056e-012
5. 873e-012

8. 953e-015

0. 000e+000

1.058e-025 -24.975 -24.975 0. 000

-6. 865
-7.300

L.7 44

-6.867
-7.30r.
-0.000

-0.001
-0.001
0.000

-5.452
-6.372
-8.523

-10. 135
-11 - 094

-5.453
-6.372
-8.528

-10.136
-11.094

-0. 001
0. 000

-0. 005
-0. 001
0.000

-5.7 47
-10. 135
-11. 094
-11.230

-5.752
-1_0. 136
-11.094
-LL.23L

-0. 005
-0. 001

0. 000
-0 - 001

-14.048 -14.048 0.000

-6s.92s -65.925 0. 000

---Saturation indices---------

Phase SI 1og IAP 1og Xr

Aragonite
Calcite
CH4 (g)
co2 (sl
H2(s)
H20 (s)
02(sl

-L4.28
-14.28
-24.98
-6 -37

-14.05
-0.00

-65. 93

-8.31
-8.45
-2.82
-L.4L
-3. 13
L.64

-2.85

CaCO3
CaCO3
CH4
coz
H2
H20
o2

14.000: 4.000
= 0.562

1. 1-84e+001
= 1.000e+000

2. 931e+000
0.000e+000
0.000e+00O
20. 000

= 2.197e+00L

-5. 97
-5. 83

-22.1,6
-4 -97

-l.0.92
-L.64

-63. 07

Initial solution 2. NaOH

--Solution composition---------

Elements

Na

Molality Moles

2.490e+O01 2.490e+001-

-Description of solution--

pH
pe

Activity of water
Ionj-c strength

Mass of water (kg)
Total alkalinity (eelkg)

Total carbon (moI/kg)
Tota1 CO2 {moly'kg)

Tenperature (deg C)
Electri-ca} balance (eq)



Percent error, 100* (Cat-lAnl ) /(Cat+lanl )

fterations
Total H
Total O

Species

92.7 6
6

.139431e+002

.843693e+001-

Log Log
Molality Activity Molality Activity

-a_t_J

-Distribution of species---

Log
Gamma

oH-
H+
H20

H (0)
H2

Na
Na+
NaOH

o (0)
o2

8 .574e-001
1.432e-0L4
5.551e+001-

0. 000e+000
0. 000e+000

2.490e+0QL
2.283e+00'J,
2. 073e+000

7.102e-018
3. 551e-018

3.816e-001-
1. 000e-014
5. 621e-001

8.532e+001
3. 169e+001

1- 931
1-501

0. 573
1.184

-0. 067
-13.844

L.7 44

-0.3s2
-0. 1s6

0. 000

-0.418
-14.000

-0.250

7.447e-040 -40.3L2 -39.128 1. l-84

1.358
0.31?

5.427e-0L7 -L7.450 -L5.265 1.184

----Saturati.on indices---
Phase SI J-og IAP log ICI

H2(sl
HZo(gl
a2Gl

-36. 00 -39. L3 -3. 13 H2
-1.89 -0.25 1.64 HzC.

-r.3. 41 -t6 .27 -2 .85 A2

Beginning of batch-reacti.on calculations.

Reaction step 1.

Using mix L

Mixture l-.

Mix NaOH and GII G equ w,/ calcite

Mix NaOH and GW'G equ w/ calcite

00e-001 Solution 1 GVI G eqb w/ Calcite
00e-001- SoLution 2 NaOH

---So1ution composition-------

Elements Molality Moles

4.0
6.0

C
Ca
Na

1.584e-006
7. 156e-007
1 . 4 94e+001

1.584e-006
7 .156e-007
1.494e+001

--Description of soluti_on--

pH
pe

Activi-ty of water
fonj-c strength

Mass of water (kg)
Total alkalinity (eqlkS)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 100* (Cat-lAnl ) /(Cat+151 I

fterations
Total H
Total O

1,3.727 Charqe balance
4.804 Adjusted to redox equilibrium
0. 736

7.164e+000
1. 000e+000
1.758e+000
1.584e-006
20. 000
1.318e+001
92 -OO

=L1: t.L277O9e+002
= 5.726465e+001



Species MoIaIity

5.734e-001
2.659e-014
5.551e+001

0. 000e+000
0. 000e+000

1.584e-006
- 397e-0O6
.870e-007
.434e-011
.632e-011
.350e-01-2
.156e-017
.117e-019

7. 156e-00
.611e-007
.485e-007'
.350e-012
.156e-017

0.000e+000
0.000e+000

l- . 4 94e+001-
1.376e+001
1. 185e+000
1.397e-006
2.43Ae-OlL

4 .784e-015
2.392e-01,5

-5 .7 9 -1.4 .L0
-5. 55 -14.10

-138.33 -141.15
-16. 83 -1.8.24
-37.05 -40.L9
-1.77 -0.13

-11. 05 -13. 90

Log Log Log
Activity Molality Activity Ganuna

oH-
H+
H20

c(-4)
cH4

c (4)
NaCO3-
co3-2
NaHCO3
HCO3_
CaCO3
CaHCO3+
co2

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOll
NaCO3-
NaHCO3

o(0)
02

2. 668e-001
1.874e-014
7 - 363e-001

0.000e+000

7 .298e-005
2.L32e-008
1- - 267 e-01-0
9. 485e-012
1.223e-01-1"
4.158e-017
5.815e-019

2 - 439e-006
3.740e-007
1- -223e-01-1-
4.158e-017

2.376e+001
6. 168e+000
7 .298e-006
1 -267 e-OL0

-0.242
-13.575

1, -'7 44

-0.57 4

-13.727
-0 - 133

-0.332
-o.t52
0-000

-L4L.862 -141. L45 o -7L6

1-

t_

2
1
2
7
1
7
4
2
2
7

0.000e+000 -40. 908 -40. 191 o.7\6

-5. 8s5
-6.'128

-10. 614
-LO -787
-1-L.629
-16. 145
-18.952

0.718
-0.943
o.716

-0.235
0.7L6

-o.236
0.7L6

-6. 33 1
-6. 605

-tl.629
-16. 145

-s - 61-3

-6.42't
-10. 913
-16. 381

0.718
0. 178
0.716

-o.236

1. r.38
o.07 4

-5. 855
-10. 614

.37 6

.790

.L37

.897

0.23't
0.716
0.718
o -'1L6

-5. 137
-7.671
-9.897

-Ll.023
-10. 913
-r.6.381-
-18.235

1
0

-5
-9

L.245e-O'J.4 -L4 .621 -13 . 905 o.776

---Saturation indices---------

Phase SI 1og lAP log ICt

Aragonite
Calcite
cH4 (g)
co2(s)
H2(sl
H20 ( s)
o2(sl

-8 .31
-8.45
-2.82
-]-.4L
-3. 1_3

7 -64
-2.85

CaCO3
CaCO3
CII4
co2
H2
H20
02

End of simulation.

Reading input data for simulation 2.

End of run.



Run 1 Continued...
Input file: C:\Documents and Settings\Jennifer\My Documents\BASE-Hannibal MO\PHREEQ

\010510\40-60\mix 1 eqb calcite and CO2.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\40-60\mix 1 eqb calcite and CO2.pgo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
SUREACE I,TASIUN SPECIES
SURTACE_SPECIES
RATES
END

Reading input data for sj-mulation L.

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2. 15. 0\phreeqc.dat
SOLUTION 1 mix 1 egb with cal-cite and CO2

temp 25
pH L3.727
pe 4.804
redox pe
units nmol,/kgw
density 1

C 1.584e-006
Ca 7.156e-007
Na 14.94
water 1 # kg

EOUITIBR]UM PHASES 1
Calcite- 0 10
co2(g) -2 1-0

Beginning of initial soLution calculations.

Initial solution 1. nuix 1 eqb with calcite and CO2

--Solution composition---------

Elements Molality Moles

c
Ca
Na

l-. 584e-009
7. 156e-010
1.494e-002

1.584e-009
7.156e-010
L.494e-002

--Description of solution--

pH

Pe
Activity of water

Ionic strength
Mass of water (kg)

Total aLkalinity (eqlkg)
Toral CO2 (mol/kg)

Temperature (deg C)
Eleetrical balance (.q)

Percent error, 100* (Cat- lAnl ) /(Cat+15f1
Iterations

Total H
Total O

= 13.727
4.804
0.986

4.L2Oe-OO1-
1.000e+000
8 . 14 6e-001
1.584e-009
25. 000

: -7.996e-001: -97.04
5

: l.].L827Oe+002
= 5.632080e+001



-Distribution of species---

Species Molali-ty Activity
Log Log Log

Molality Activity Gamma

oH-
HT
H20

c(-4)
cH4

c(4)
co3-2
NaCO3-
HCO3-
NaHCO3
CaCO3
co2
CaHCO3+

Ud
CaOH+
Ca+2
CaCO3
CaHCO3+

H(0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

8. 118e-001
2.43Le-014
5.551-e+001

0. 000e+000
0. 000e+000

1 .584e-009
1.502e-009
8.144e-011
2.089e-013
6. 535e-016
2.568e-0L'1
5.7L2e-027
L.2l9e-022

7. 156e-010
5. 4 5Le-010
1. 595e-010
2.568e-077
L.2L9e-022

0. 000e+000
0. 000e+000

L.494e-002
L.2l9e-002
2."149e-0O3
8.144e-011
5.536e-016

1".957e-OL2
9. 784e-013

0.000e+000 -144 .089 -L44.04'l

9L
1-4
44

-0
-13
-0

.279 -0. 188

.727 -0.113

. 006 0.000

-8.823
-10. 08 9
-72 .680
-15. 185
-1
-2
-2

90
43
1-4

-9. 399
-10.340
-16.549
-22.067

-0. 136
-0.569

0.041
-0.153

-L.9L4
-2.561

-10.089
-15. 185

-2.060
-2.520

-L4.225
-15. 143

-0.146
0.04r.

-0. 136
0-041

5.264e-001
1. 875e-014
9. 859e-001

3.674e-010
5. 952e-011
1. 469e-013
7.187e-016
2.823e-01'l
6.28Le-02L
8.5't2e-023

3. 992e-010
4.574e-011
2.823e-017
8.572e-023

8. ?01e-003
3. 023e-003
5. 952e-011
7. 187e-016

-0. 0
-13. 6

1_.7

6.5
0.2
1.9

-9. 435
-10.22s
-L2.833
-15. r-43
-]-6.549
-20.202
-22.067

0.041

-0 .61-2
-0. 136
-0. 1,53
0.041
0.041
0.041

-0. 153

-9.263
-9.771

-16.590
-2L.91_4

0.000e+000 -40.253 -40.2L2 0.04L

1.076e-0L2 -L2.O09 -11.968 0.041

---Saturation indices--

Phase SI Iog IAP 1og KT

Aragonite
Calcite
CHa (q)
co2 (s)
u2(s)
H20(sl
02 (s)

-11.44 -L9.77
-lL.29 -L9.77

-LAL.19 -144.05
-18.73 -20.20

06 -40.21
s2 -0.01
08 -L1-.97

SI log IAP log I(T

0. 00 -8 .48 -8.48
-2.00 -3.47 -L.47

CaCO3
CaCO3
cH4
co2
H2
H20
02

Moles in assemblage
Initial Final Delta

1.000e+001 1.000e+001 -5.868e-006
1.000e+001 9.348e+000 -5.517e-001

-3't
-L
-9

-8.34
-8.48
-2.86
-7.4'7
-3. 15

1.51
-2.89

Beginning of batch-reaction calculations.

Reaction step 1.

Using solution l-. mix 1 eqb with calcite and CO2

Using pure phase assemblage L.

----Phase assemblage

Phase

Calcite
co2 (sl

Elements Molality Moles



-Description of solution--

C
Ld

Na

Percent error,

6.498e-001
5. 851e-006
1 . 4 90e-002

6.517e-001
5.868e-006
1-.494e-002

pH
pe

Activity of water
lonic strength

Mass of water (kS)
TotaL alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance ("q)
100* (Cat- lAnl ) / (Cat+ lAnl )

fterations
Tota1 H

Total O

9.347
9.186
0.989
.646e-001
.003e+000
.122e-001
. 4 98e-001
5. 000
.996e-001

: -97.89:15
: L.118270e+002
= 5.762417e+001

Charge ba.Iance
Adjusted to redox equilibrium

-4.65'7 -0.205
-9 .347 -0. 119
-0. 005 0. 000

_E

=1
-o
--6
-a_Z

-_1

-Distrlbution of species---

Species
Log Log Log

Molality Activity Mola1ity Activity Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co3-2
NaCO3-
NaHCO3
co2
CaCO3
CaHCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+

H(0)
H2

Na
Na+
NaCO3-
NaHCO3
NaOH

o(0)
o2

3.532e-005 2.201e-005 -4.452
5. 913e-010 4 .497e-010 -9.228
5.551e+001 9.888e-001 1.744

0.000e+000
0

5. 4 98e-001
4

1
q.
J

9
2
4

5
5. 851e-006

4

5
3
4

.858e-001

.574e-001"

.320e-003

.978e-004

.990e-004

.886e-006

. 914e-007

3. 32 9e-001
3 - 472e-002
3. 923e-003
1. 135e*003
3.405e-004
5.565e-005
4 .053e-007

-0.314
-0. 803
-2 .27 4

-3. 001
-3.524
-5.311
-6.228

-0.478
-1. 459
-2.406
-2 .945
-3.468
-5.255
-6.392

-2.2L7
-2.406
-2.94s
-7.055

-0.L64
-0.556
-0.L32
0. 056
0.055
0.0s6

-0.L64

000e+000 0.000e+000 -L27.392 -L27.336 0. 055

0. 000e+000
0. 000e+000

1.490e-002
8 .578e-003
5. 320e-003
9. 978e-004
7.742e-O0B

1.945e-012
9 -723e-0L3

-5.311
-6.228
-6 .428

-L0.326

-5.255
-6.392
-7.020

-10. 458

0. 055
-0.]-64
-0.592
-0 -1_32

-2.067
-2.27 4

-3.001
-7 .1,11

-0. 150
-0.L32
0.056
0. 056

.886e-006

. 914e-007

.731e-007

.721e-O1L

65e-006
53e-007
42e-008
82e-011

6. 069e-003
3. 923e-003
1. 136e-003
B. B16e-008

EE

4.0
9.5
3.4

0.000e+000 -40.273 -40.277 0.056

Phase

1. 107e-012 -L2.jLZ -11. 956 0.056

er turation indices---

SI 1og IAP 1og KT

Aragonite
Calcite
cHa (s)
co2(g)
fl2 (sl
H20(s)
02 (s)

-0.t4 -8.48
0. 00 -8. 48

-124.48 -L27.34
-3

-40
-0

-11

CaCO3
CaCO3
cH4
co2
H2
H20
o2

End of simulation.

-2.00
-37 .07
-1.51
-9. 06

.47

.22

.00

.96

-8.34
-8.48
-2.86
-1.47
-3. 15
1.51

-2.89



Reading input data for simulation 2.

End of run



Run 1 Continued...

fnput file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\010510\40-60\mix 2 eqb montmorillonite.pqi

Output fi-le: C:\Documents and Setti-ngs\Jennifer\My Documents\BASF-Hanniba1 MO\PHREEO
\010510\40-60\mix 2 eqb montmorj-llonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interacti-ve 2.L5.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTIONJPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGEJPECIES
SUREACE t'laStEn SPECIES
SURTACE-SPECIES
RATES
END

Reading input data for simulation l-.

DAIABASE C : \Program Eil-es\USGS\Phreeqc Interactive 2.L5. 0\phreeqc.dat
SOLUTION 1 mix 2 eqb montmorillonite

temp 20
pH 9.347
pe 9. L86
redox pe
units rrnol/kgw
density 1
c 0.6498
Ca 5.851e-006
Na 0.0149
water 1 # kq

EOUILIBRIUM_PHASES 1
Ca-Montmorillonite 0 10

Beginning of initial- solution calcul-ations.

Initial solution 1. mix 2 eqb montmorillonite

--Solution composition-------

Elements Molality Moles

c
Ca
Na

6. 4 98e-004
5.851-e-009
1 . 4 90e-005

6.498e-004
5 .851e-009
1 . 4 90e-005

-Descriptj-on of solution--

pH

Pe
Activity of water

Ionic strength
Mass of water (kS)

Total alkalinity (eqlkg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (eq)

199* (Cat- lArll ) / (Cat+ 15; I
Iterations

Tota].
Total O

9.347
9. 185
1. 000
.28 5e-004
.000e+000
.239e-004
.498e-004
0. 000
.090e-004
5 .97
4: 1.110130e+002

= 5.550818e+001

4

1
7
6
2

=-7
=-9Percent emor,



-Distribution of species---

Species
Log

MolaIity Activity MolaIity
Log

Activity
Log

Garnrna

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co3-2
co2
NaCO3-
NaHCO3
CaCO3
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaCO3-
NaHCO3
NaOH

o(0)
02

1.545e-005
4. 601e-010
5.551e+001

0. 000e+000
0.000e+000

6. 4 98e-004
5. 899e-004
5.922e-005
6.245e-007
1. 157e-008
4.712e-009
4.078e-010
3.407e-011

5.851e-009
5.407e-009
4. 078e-010
3.407e-011
1.861e-012

0.000e+000
0. 000e+000

1. 490e-005
1.488e-005
1. 157e-008
4.712e-009
2. 136e-010

4.654e-014
2 .32'l e-01-4

-4.811
-9.337
1.7 44

-4.82L
-9.347
-0. 000

-0.010
*0. 010

0. 000

-3.229
-4.228
-6.204
-7 .93't
-8.32't
-9.390

-10.468

-3.239
-4.268
-6 -204
-'1.947
-8.327
-9.390

-1.0 . 47 8

-0. 010
-0.040
0-000

-0. 010
0.000
0.000

-0. 010

-8.267
-9.390

-10. 468
-11.730

-8.307
-9.390

-r_0 - 478
-Ll.7 40

0. 000
-0.010
-0.010

-4.827
-7.937
-8.327
-9 .67 0

-4.837
-'t.947
-8.327
-9 .67 0

-0. 010
-0. 010

0. 000
0.000

1.5
4.4
1.0

09e-005
98e-010
00e+000

5.764e-004
5.397e-005
6.245e-007
1. 131e-008
4.713e-009
4.078e-010
3.328e-011

4 .927 e-009
4. 078e-010
3.328e-011
1 - B18e-012

1.454e-005
1.131e-008
4.713e-009
2. 136e-010

0.000e+000 -L29.392 -129.392 0. 000

0-040

0.000e+000 -40.194 -40.]-94 0.000

2.321e-0L4 -13. 633 -l-3. 633 0.000

---Saturati-on indices---------

Phase SI 1og IAP log KT

Aragonite
Calcite
CH4 (s)
Co2 (ql
H2(s)
H2o (sl
02(s)

-4.27
-4.12

-726.57
-4.80

-37.47
-L.64

-10.78

-L2.
-L2.

-1,29.
-6.

-40.
-0.

-13.

-8.31
-8.45

CaCO3
CaCO3
cH4
co2
H2
H20
o2

-2.82
-1.4L
-3.13
L.64

-2.85

58
58
39
20
19
00
63

Beginning of batch-reaction calculations.

Reaction step 1.

Using solution 1. mix 2 eqb montmorillonite
Using pure phase assemblage 1.

----Phase assemblage

Moles i-n assemblage
Phase SI 1og IAP 1og I(T Initial Final Delta

Ca-Montmorillonite 0.00 -45.76 -45.75 1.000e+001 1.000e+001 -1.305e-005

--------:- ---------Solution composi-tion--------

. Elements Molality Moles

A1 3. 040e-005 3 .040e-005
C 6. 498e-004 6.498e-004



Ca
Na
Si

2. 159e-006
1 . 4 90e-005
4.789e-005

5 9e-006
90e-005
8 9e-005

8.353e-006
8. 127e-010
1. 000e+000

70e-005
61e-008
98e-010
8 6e-014
30e-018

6. 006e-004
3. 112e-005
1. 176e-006
8. 958e-008
1.321e-008
6. 525e-009
4. 915e-009

1. 877e-005
8.958e-008
l-.321e-008
3. 832e-010

1.455e-005
6. 525e-009
4. 915e-009
1. 183e-010

4 . 14 6e-005
6.284e-006
3 . 7 61e-010

2.1
1-.4
4-7

2.9
1.3
1.0
1_.7
2.0

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkq)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance ("q)
Percent error, 100* (Cat- I An I ) / (Cat+ | An | )

fteratlons
Total H

Total O

9. 090
9 .46L
1.000

Charge balance
Adjusted to redox equilibrium

: 4.0: 1.0: 8.1: 6.4
20.

96e-004
00e+000
94e-004
98e-0 0 4

000
: -7.090e-004
= -94.9L:10
= 1. 110131e+002
= 5.550834e+001-

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Actj-vity Gamma

oH-
H+
H20

A1
A1(OH)4-
A1(OH)3
Al- (OH)2+
A10H+2
A1+3

c(-4)
cH4

c(4)
HCO3-
co3-2
co2
CaCO3
CaHCO3+
NaCO3-
NaHCO3

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaCO3-
NaltCO3
NaOH

o (0)
o2

si
H4SiO4
H3SiO4-
HzSj-O4-2

8.548e-006
8.310e-010
5.551e+001

3.040e-005
3. 039e-005
1. 361e-008
L.124e-010
1. 957e-014
2 .47 9e-QL8

0. 000e+000
0. 000e+000

6 . 4 98e-004
6.L44e-004
3.408e-005
1 . 17 6e-006
8.957e-008
1.351e-008
6.6'17 e-009
4.914e-009

2. 159e-006
2.055e-006
8. 957e-008
1. 351e-008
3. 921e-010

0.000e+000
0. 000e+000

1.490e-005
1.489e-005
6.677e-009
4. 914e-009
1.183e-01-0

5.504e-014
2.752e-014

4.789e-005
4.145e-005
6.430e-006
4.L22e-01,0

-4.382
-5.202
-9 - 425

0.000
-0.010
-0.040

0. 000e+000 -1.29 .263 -L29 .263 0.000

-5. 068
-9. 080
L.144

-5. 078
-9. 090
-0. 000

-0.010
-0.010

0.000

-4.517
-7 .866
-9 .949

-13. 708
-L7.606

-4 -52't
-'t -866
-9. 959

-L3.7 48
-L7.593

-0. 010
0. 000

-0.010
-0. 040
-0.087

-3.2L2
-4 .46'7
-5. 930
-7.048
-7.869
-8. 175
-8.309

-0. 010
-0. 039
0.000
0.000

-0. 010
-0. 010

0. 000

-5. 687
-7.048
-?.869
-9 .407

-5 -72'l
-7.048
-7.879
-9 .AL't

-0.040
0.000

-0.010
-0.010

-4.827
-8. 175
-8.309
-9 .927

-4.837
-8. 185
-8 .308
-9.927

-0. 010
-0.010

0. 000
0. 000

-3.221
-4 -507
-5. 930
-7 .048
-'t .87 9

-8. L8s
-8. 308

0.000e+000 -40.230 -40.230 0. 000

2.752e-0L4 -13. 560 -13.550 0. 000

-4.382
-5.L92
-9. 385

----Saturation indices---

Phase SI log IAP 1og KT



AI (oH) 3 (a) -1.55 9. s8 11. 13
Albite -4.19 -22.5L -18.33
Anorthite -3.69 -23.55 -19.86
Aragonite -1.93 -1O.23 -8.31
Ca-Montmori]lonite 0.00 -45.76 -45
Calcite -1-.78 -10.23 -8.45
cH4(g) -L26.44 -129.26 -2.82
Chalcedony -O.77 -4.38 -3.61
co2lSl -4.52 -5.93 -1.4L
Gibbsite 1,. LB 9.58 8.40
Hzls) -37.10 -4a.23 -3.13
H2o(s) -L.64 -0-00 1.64
Kaolinite 2.5L 10.39 7-88
oz(sl -10.71 -13.s6 -2.85
Quartz -0.33 -4.38 -4.06
Sio2(a) -1.63 -4.38 -2.75

A1 (Orr) 3
NaAISi3OS
CaAl2Si2o8
CaCo3

76 CaO.165A12.33si3. 67010 (olt) 2
CaCO3
CH4
sio2
coz
A1(OH) 3
H2
H20
A12Si2O5 (OH) 4
a2
sioz
sio2

End of simulation-

Readi-nq input data for simulation 2.

End of run.



Run 2

lnput file: C:\Documents and Settings\Jennifer\My Documents\BAsF-Hannibal MO\PHREEQ
\0105 1 0 \rain\ 1-99\1?rainwater+998NaOH. pqi

Outpu
\010510
Databas

Reading data base.

SOLUT I ON-MASTER-S PEC lES
SOTUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
S URTACE_MASTER_S PEC I E S

SUREACE SPECIES
RATES
END

Readinq input data for sj-mulation L.

DAIABASE C: \Program Ej-les\USGS\Phreeqc Interactive 2.75. 0\phreeqc.dat
EQUILIBRIUM-PHASES 1

coZ(gl -3.5 10
SOLUTION L rainwater

temp 25
pH 5.24
pe4
redox pe
units mq/L

tf
\ra
ef

ile: C:\Document.s and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
in\ 1-99 \lSrainwater+998NaOH. pqo
ile: C: \Program Files\USGS\Phreeqc Interactive 2.L5. O\phreeqc.dat

SOLUTION 2 NaOH
temp 20
pH 1"4
pe4
redox
units
density
Na
water

density
Ca
Mg
Na
K
CI
s(6)
N (5)
N(-3)
water 1

0. 01
0. 99

.458

.034

.082

.043

.L22

.131

.004

.36
#kg

pe
mmol/kgw
1
24.9 mol/kgw

1*ks

1
0
0
0
0
0
1
1
0

MIX 1
1
2

Begi-nning of initial solution calculations.

Initial solution 1. rainwater

---Solution composition------

Elements MoLality Moles

Ca
CI
K

1. 143e-005
3.441e-006
1. 100e-006

1. 143e-005
3. 441-e-006
1. 100e-006



-Description of solution--

Mg
N (-3)
N (s)
Na
s(6)

Percent error,

Species

1.398e-006
2 .570e-005
7. 168e-005
3.567e-006
1 - 177e-005

1.398e-006
2 .570e-005
7.168e-005
3.567e-005
1.177e-005

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Tota1 alkalinity (eq/kg)

Total carbon (rnol/kq)
Total CO2 (rnol/kg)

Temperature (deg C)
Electri-cal balance (eq)

166* (Cat- lAn I ) / (Cat+ lAn | )

fterations
Total H
Total O

Molality Activity

: 5.240
4. 000

= 1. 000
= 1.047e-004

1.000e+000: -5.824e-006
0.000e+000

= 0. 000e+000
25. 000: -3.682e-005: -22.96

3: L.L101.25e+002
= 5.550548e+001

------Redox couples-

Redox couple pe Eh (vo1ts)

8.3903 0.4963N(-3)/N(s)

-Distribution of species---

H+
oH-
H2C-

Ca
Ca+2
CaSO4
CaHS04+
CaOH+

C1
L-I-

H (0)
H2

K
K+
KSO4-
KOH

Mg
Nlq+2
MgSo4
MgOH+

N(-3)
NH4+
NH4SO4-
NH3

N (5)
NO3-

Na
Na+
NaSO4-
NaOH

o (0)
o2

s (6)

5.754e-006
1. 740e-009
1. 000e+000

1. 088e-005
2.429e-008
8. 190e-013
3. 137e-013

3.401e-006

2.344e-022

1. 087e-006
8.547e-011
6.548e-016

1. 331e-006
3 - 492e-409
8. 397e-013

2 .539e-005
3 .562e-009
2.515e-009

7. 083e-005

3.525e-006
1. 977e-010
4.047e-015

0.000e+000

Log Log
MolaIity Activity

-5.235 -s.240
-8 -754 -8 - 760

L.7 44 -0 . 000

-5.959 -5.964
-10. 063 -10. 058
-15. 184 -15. 184

-5.855 -5. 876
-8 . 457 -8 .457

-12.0"1L -12.07 6

-4 .590 -4 . 595
-8.431 -8.436
-8.600 -8.600

-5.448 -5. 453
-9.699 -9.704

-14.393 -14.393

5.822e-006
1.760e-009
5.551e+001

1. 143e-005
1. 140e-005
2.429e-008
I .288e-013
3. 1?4e-013

3.441e-006
3.441e-006

4 .688e-022
2.344e-022

1. 100e-006
1. 100e-006
8. 649e-011
6 .547 e-}LG

1. 398e-006
1.395e-005
3.492e-0O9
8.497e-013

2.570e-005
2 .570e-005
3.705e-009
2 .515e-009

7.168e-005
7.158e-005

3.567e-006
3.567e-006
2 .001e-010
4.047e-01-5

0. 000e+000
0.000e+000

1 - 177e-005

-0.005
-0. 005
0.000

-4.943
-7.6L4

-1.2.082
*L2.498

-4.963
-'t .6L4

-L2 .087
-12 .503

-0.020
0. 000

-0.005
-0 - 005

Log
Garmna

-0.005
-0. 005
0.000

-0. 005
-0.005

0. 000

-0.020
0.000

-0. 005

-5.463 -s.468 -0.005

-21,.630 -2t.630 0.000

-4 .1,45 -4 . 150 -0.005

-0.005
-0.005

0. 000

-49.t20 -49-L20 0.000



so4-2
CaSO4
HSO4-
NH4SO4-
MgSo4
NaSO4-
KSO4-
CaHS04+

1.174e-005
2.429e-008
5.337e-009
3. 705e-009
3 .492e-O09
2. 001e-010
8.649e-011
8.288e-013

1.119e-005
2.429e-008
6.263e-009
3. 662e-009
3.492e-009
1. 977e-010
8.547e-011
8. 190e-013

-4. 931
-7 .6t4
-8. r_98

-8.431
-8 .457
-9.699

-10.063
-L2.082

.139431e+002

.843,693e+001

-4 .951
-7 .6L4
-8.203
-8.436
-8 .457
-9 .7 04

-1,0. 068
-12.087

-0.021
0.000

-0.00s
-0. 005

0. 000
-0. 005
-0.005
-0. 005

---Saturation indices----*----
Phase SI 1og IAP 1og KT

Na

Percent eror,

Species

pH
pe

Activity of water
foni-c strength

Mass of water (kq)
Total- alkalinity (eS,/kS)

Total carbon (mol/kg)
Total CO2 (moI/kg)

Temperature (deg C)
Electrical balance ("q)

100* (Cat- lAn I I 7 (Cat+ lAn I )
Iterations

Total H
Total O

8.574e-001
1.432e-014
5.551e+001

0.000e+000
0. 000e+000

2 . 4 90e+001

CaSO4
CaSO4 z2H2O
H2
H20
NaCl
NH3
o2

14. 000
4. 000
0.562
.184e+001
.000e+000
.931-e+000
.000e+000
.000e+000

= 20.000
2. L97e+001-
92.7 6

=6

Anhydrite
Glpsum
H2 (sl
H20(s')
Halite
NH3 (s)
02(s)

-5.55
-5.33

-18.48
-L.51

-12.50
-10.37
-46.23

-9. 91
-9 .9L

-2L.63
-0. 00

-1-0 .92
-8. 60

-49 -12

-4.36
-4 .58
-3. 15
1.51
1.58
1.77

-2.89

3.815e-001
1,.000e-014
5 . 62 1e-00 1

8 .532e+001
3 . 1-69e+001

Initial solution 2. NaOH

--Solution composition-------

Elements Molality Moles

2.490e+00L 2.490e+001

--Description of solution--

1
1
2
0:0

:1
:5

--Distribution of specie

Log Log Log
Molality Activity Molality Activity Gamma

oH-
g+
H20

H (0)
H2

Na
Na*
NaOH

o (o)
02

-0. 067
-13. 844

L.7 44

-0.418
-14.000
-0.250

1.358
0.317

1. 931
1.501

-0.352
-0. 156
0.000

0.573
1.184

7 ,447e-040 -40.31.2 -39.1,28 1. 184

.283e+001

.073e+000
2
2
I
3

Phase

H2(s)

7.L02e-01
.551e-018 5.427e-01'l -L7.450 -16.265 1. 184

----Saturation indices--- ---:-----
SI log fAP 1og KT

-35. 00 -39. 13 -3. 13 H2



H20 (s)
02 (s)

-1.89
-13.41

-0.25
-16.27

1..64 H20
-2-85 02

Beginning of batch-reaction calculations.

Reaction step 1-.

Using mix l-.
Using pure phase assemblage L.

Mixture 1.

00e-002 Solution 1 rainwater
00e-001 Solution 2 NaOH

----Phase assemblage

Phase SI 1og IAP log KT

pH
pe

Activity of water
Ionic strength

Mass of water (kE)
Total alkalinity Gq/kgl

Total CO2 (mol/kg)
Temperature (deg C)

' Electrical balance (eg)
Percent error, 100* (Cat- I An I ) / (Cat+ lAn [ )

Iterations
Total H

Tota1 O

Species Molality Activity

Moles in assemblage
Initial Final Delta

10. l-44 Charge balance
8.273 Adjusted to redox equilibrium
0.586

1.24&e+001
1.024e+000
2.833e+000
1.516e+000
20. 050
2. 175e+001
86.70
2t
.139138e+002
.151-422e+001

1.0
9.9

co2 (g) -3.50 -4.9L -1.41 1.000e+001 8.447e+000 -1.553e+000

--Solution composition---------

Elements MolaIity Moles

C 1.516e+000 1.553e+000
Ca l-.116e-007 1.143e-007
C1 3.360e-008 3.441e-008
K 1.074e-008 L. 100e-008
Mg 1.365e-008 1.398e-008
N 9.507e-007 9.738e-007
Na 2.407 e+}Ol 2.4,65e+001
S 1. 149e-007 1.17'le-007

-Description of solution-- ------:---

_1
-I
=6

-Distribution of sPeci-es---

1.256e-004
1.028e-010
5.551e+001

0. 000e+000
0. 000e+000

1.516e+000
1.077e+000
2.384e-001
1.2 58e-001

5.567e-005
7. 170e-011
5.856e-00L

3.392e+00i.
2.468e-O02
2.245e+00O

Log Log
Molality Activity

-3.901 -4.254
-9.988 -L0.L44
t.7 44 -0 .232

0. 032
-0.623
-0. 897

608

Log
Garrna

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
NaHCO3

0.000e+000 -1-27 .954 -1.26.7L6 1.248

-0.353
-0.156
0.000

l-.
1.
0.

s30

L35

L. 498
-0.985
1.248



HCO3-
co2
CaCO3
CaHCO3+
MqCo3
M9HCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+
CaSO4
CaHSO4+

c1
c1-

H (0)
H2

K
K+. KOH
KSO4-

Mg
MgCo3
Mg+2
MgHCO3+
MqOH+
MgSO4

N (-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaCO3-
NaHCO3
NaOH
NaSO4-

o(0)
o2

s (-2)
HS-
s-2
H2S

s(6)
so4-2
NaSO4-
CaSO4
MgSo4
KSO4-
HSO4-
CaHSO4+
NH4SO4-

7.400e-002
6. 985e-007
7.684e-008
3. 119e-008
1.317e-008
1. 635e-010

1. 116e-007
7.684e-008
3. 119e-008
3. 52 9e-009
L .547 e-0L2
8.830e-016
1. 968e-025

3.360e-008
3.360e-008

0. 000e+000
0. 000e+000

1. 074e-008
1. 074e-008
l-. 171e-014
3.424e-01.8

1. 365e-008

4.L98e-002
1.237e-005
1.361e-006
1 . ? 69e-008
2. 333e-00?
5.147e*009

1.361-e-006
1 . 7 69e-008
3.593e-008
4.870e-011
1.564e-014
6.1-96e-024

2.292e-008

1.087e-040

7 -323e-OO9
2.07 4e-073
1 - 07 8e-01 6

2.333e-007
1. 069e-008
5. 147e-009
2. 011e-010
5. 032e-015

0. 000e+000
0. 000e+000
0. 000e+000

9. 513e+001
3.392e+001
2.246e+000
5. 133e-003
1.056e-005

0. 000e+000
0.000e+000
0. 000e+000

2.287 e-009
1. 055e-006
1.564e-014
5.032e-015
1. 078e-016
1-.434e-017
6.1-96e-024
0.000e+000

-8. 135
-t2.683
-15.967

-0. 166
1_ .248
1.498

-1. 131
-6.L56
-'t.7L4
-7.506
-7.881
-9 .7 87

-1.317
-4 . 908
-5. 866
-7 .752
-6 .632
-8.288

-0.246
1.248
1.248

-0.246
1.248
1.498

-7 .LL4
-7.506
-8 .452

-11. 811
-15. 054
-24.706

-7.969
-13.932
-17.466

-5.866
-7.752
-7.445

-1"0.3L2
-13 - 806
-23.208

-6 .632
-7 .97L
-8.288
-9 .69"1

-L4.298

-52.202
-51.456
-59.733

L.97 8
1.530
0.351

-2.290
-5 -9',7 6

-130. 804
-133.727
-133. 939

-8.641
-5 .97 6

-13. 806
-t4.298
-t5.967
-16. 843
-23.208
-59 - 733

.248

.246

.008

.498

.248

.498

.551

.498

.248

.248

.498

.498

.498

.498

1

-0
1
1

l-
1

-7.474 -7.640 -0.166

-41_-2L2 -39 -964 7 -248

000e+00.0

.317e-008

. 173e-010

.635e-010

.387e-012

.840e-015

4. 015e-00

.000e+000

.000e+000

.000e+000

. 007e-007
1, .7 7 0e- 014

L.'t7 0e-01-4
5 . 4 93e-007

5. 4 93e-007
2 .407 e+00'1,

2.286e+00L
1. 077e+000
1 .2 68e-001
2 .89'l e-004
3.355e-008

3.245e-016
L.622e-01.6

0. 000e+000
.000e+000
.000e+000
. 000e+000

1 . 14 9e-00
. 140e-008
.355e-008
. 830e-016
.840e-016
.424e-0L8
.555e-019
. 968e-025
.000e+000

-7.881
-9 .499
-9.78't

-11. t_95
-L5.547

1..248
1.52'7
1.498
1. 498
1.248

-5]-.7 44
-52 .7 05
-61_.23t

-0. 458
L.248
1.498

1

3
1

6
2
0
0
0
0
1

2 3.556e-006 -6 - 69't -5 .449 1-248

7. 062e-015 -1.3.752 -14 . 151 -0. 399

2.l9te-007 -6.260 -6.659 -0.399

1

0
-0
-3
-7

.359

.032

.897

. s38

.47 4

0.519
L.498
1.248
1.248
1-498

2.87 4e-015 -15. 790 -'1.4 .54L 1.248

0
0
0
7
8

3
8

2
3
4
l_

0

-130.451
-L32 .67 5
-135.188

-7.089
-'t .47 4

-ls. 054
-15.547
-L7.466
-18.341
-24.7 06
-6L -23L

-0.353
-1.052
1.248

-1
1
1
1

1

1
L

1

-c- turation indices---

SI 1og IAP log I(IPhase

Anhydrite
Aragonite
Cal"cite
cHa (g)

-1_t.7 4 -16. 09
-0.75 -9.05
-0.60 -9.0s

-123.90 -126.'12

CaSO4
CaCO3
CaCO3
CH4

-4.34
-8.31
-8.45
-2.82



coz (s)
Dolomite
Gl4psum
H2(s)
H2a(s)
H2S (s)
HaIite
N2 (s)
NH3 (g)
02 (s)
Sulfur

-3.50
-t.66

-7L.97
-36. 84
-1.87

-r.33.00
-7.23.2.2L

-53.33
-lL.69

-L02.to

-4.9L
-r.8. 63
-16.55
-39. 96

-0.23
-L33. 94

-5. 66
-5.45

-51.46
-14.54
-97.1-0

-L.4'L
-L6 -97
-4.58
-3. t_3

L.64
-0.94
1.57

-3.24
1.87

-2.85
5.00

co2
CaMg(Co3) 2
CaSO4 z2H2O
H2
H20
H2S
NaCl
N2
NH3
02
s

End of simulation.

Reading input data for simulation 2

End of run.



Run 2 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASP-Hannibal MO\PHREEQ

\010510\rain\1-99\mix rain NaOH and calcite GW.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\l--99\mix rain NaOH and calcite GW.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactj-ve 2.15.0\phreeqc.dat

Readi-ng data base.

SOLUTION_MASTER_SPEC IES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE t'laStfn SPECIES
SURFACE-SPECIES
RATES
END

Reading input data for simulation l-.

DATABASE C: \Program FiLes\USGS\Phreeqc Interactive 2.15. 0\phreegc.dat
SOLUTION 2 NaOH

temp 20
pH L0.144
pe 8.273
redox
units
density
Na
c

pe
runotr/kgw

Ca

L

2
1
1
3
l_

1
5
t

4.07 Mol/kgw
.516
.116e-007
.36e-008
.074e-008
.355e-008
.493e-007
.149e-007

1#kg

c1
K
Mg
N(s)
s (6)
water

SOLUTION 1 GW G eqb w/ Calcite
temp 20
pH 7.301
pe -1.841
redox pe
units mmol/kgw
density 1
Ca 0.001789
c 0.003961
water 1 # kq

SAVE sol-ution 1-2
MfX 1 Mix NaOH and GW 0 equ w/ calcite

1 0.4
2 0.6

Beginning of initial solution calculations.

fnitial solution 1. GW G eqb w,/ Calcite

Solution composition-:------

Elements Molality Moles

C 3. 961e-006 3.961e-005
Ca 1".789e-006 1.789e-006



-Description of solution--

Percent error,

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalini-ty (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance ("q)
1gg* (Cat- lAnl ) / (Cat+lAnl )

f terati-ons
Total H

Total O

5.444e-006
000e+000
626e-OO6
961e-006
.000
751e-008
.65:3

= L.1-101-24e+002
= 5.550523e+001

: 7.301
= -l-. 841
= 1.000

1.
3.
3.
20

-4.
-0

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Garmna

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H(0)
H2

o(0)
o2

1
5
5

1. 058e-025
1

3. 961e-006
3
4

3,l

8

.533e-006

.245e-007

.000e-009

.328e-011

.056e-012

3.524e-006
4.245e-00'l
2.968e-009
7.309e-011
8.056e-012

7.77Qe-006
7 - 309e-011-
8.056e-012
5.873e-012

361e-007 1.358e-007 -6.866 -6.867 -0.001
014e-008 5.000e-008 -7 . 300 -7.301 -0.001
551e+001 1 . 000e+000 7.7 44 -0. 000 0. 000

-058e-025 1.058e-025 -24-975 -24.975 0.000

-5.452
-6 .37 2
-8.523

-10. 135
-11.094

-5.453
-6.372
-8 .528

-10. 136
-11 - 094

-0.001
0-000

-0. 005
-0.001
0.000

-5 .7 47
-10. 135
-11.094
-11.230

-5.'152
-10. 136
-11.094
-tL.23t

-0.005
-0.001
0-000

-0.001

1. 789e-006
1. 789e-005
7 .328e-0L1
8. 055e-012
5. 889e-012

1.791e-014
8. 953e-015

0. 000e+000
0. 000e+000

1.515e-003
1. 116e-010
3.360e-011
1. 074e-011
1. 365e-01-1
5.493e-010
2 .407 e+007

8.953e-015 -14.048 -L4.048 0.000

0.000e+000 -65.925 -65.925 0.000

---Saturation indices---------

Phase SI 1og lAP 1og KT

Aragonite
Calcite
CHa (g)
co2 {g)
H2(s)
H20(s)
02(s)

-5.97
-5. 83

-22.L6
-4.97

-L0.92
-L.64

-63. 07

-14.28
-'t 4.28
-24.98

-6.37
-14 .05
-0. 00

-65. 93

-8.31
-8.45
-2.82
-L.41
-3. 13
L.64

-2.85

CaCO3
CaCO3
CH4
co2
H2
H20
02

Initial solution 2. NaOH

--Solution compositio

Elements Molality MoIes

1.516e-003
1. 116e-010
3.360e-011
1. 074e-011
1.365e-011-
5 - 493e-01-0
2 - 407 e+0OL

Ca
CI
K
Mg
N (s)
Na



s(6) l-. 149e-010 1. 149e-010

-Description of solution-*

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (moI/kg)
Temperature (deg C)

ELectrical balance (.q)
Percent error, 100* (Cat- | An I ) / (Cat+ | An I )

Iterations
Total H
Total O

Species Molality Activity

= LQ .1-44
: 8.2'13

0. 591
: 1.204e+00L
: 1.000e+000
= 3.282e-003
: 1.516e-003
: 20-000
: 2.407e+001
: 99.99
=L2
= 1. 110131e+002
: 5. 551121e+001

-Distribution of species---

5.588e-005
7.178e-011
5. 908e-001-

2 .997 e-002
2 .238e-005
1. 993e-003
3 . 8 15e-005
1. 117e-008
3 -229e-OlL
4.205e-013
'7 .060e-0L2
1.562e-013

9. 4 04e-010
3.229e-llL
4 .205e-013
L.285e-0L2
4.062e-01"9
1. 610e-028

7 .235e-0L2
2.065e-016
1-.056e-O22

Log Log
Molality Activity

-3.901 -4.253
-9.988 -L0.144
1.144 -0 .229

oH-
H+
H20

c(-4)
cH4

c (4)
NaCO3-
co3-2
NaHCO3
HCO3-
co2
CaCO3
CaHCO3+
MgCo3
MqHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

CI
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
Mg+2
MgCo3
MgOH+
MgHCO3+
MgSO4

N (s)
NO3-

Na
Na+
NaCO3-
NaOH
NaIICO3
NaSO4-

1.257 e-004
1.028e-010
5.551e+001

0.000e+000
0. 000e+000

1.51-6e-003
1. 109e-003
2.L49e-Q04
1.248e-004
6.716e-005
6. 989e-010
2.021e-0L2
7.402e-0L3
4.419e-013

' 5.783e-015
1.116e-010

1.088e-010
2.Q2le-0L2
7.402e-013
4.755e-014
2.542e-020
5. 958e-030

3.360e-011
3.360e-011

0. 000e+000
0.000e+000

1.074e-011-
1.074e-011
L.292e-0L7

0.000e+000 -l-30. 958 -1"29 -754 L.204

-2.955
-3. 668
-3. 904
-4.L73
-9. 156

-Lt.694
-12.L3L
-12.355
-L4.238

-1.523
-4.650
-2 .7 00
-4.418
-7 .952

-10. 4 91
-L2.37 6

-11. 151
-12.806

Log
Gamma

-0.352
-0. 156

0. 000

1.432
-0 .982
1.204

-o -246
L.204
L.204

-0.246
L.204
1-.432

-9. 963
-LL.694
-t2.L3L
-13. 323
-19. s95
-29.22s

-9.02't
-10. 491
-L2.3-16
-11.891
-18.391
-27.793

.937

.204

.246

.432

.204
- 432

0
1

-0
1
1
1

2.263e-0ll -10.47 4 -10.545 -0.172

1. 091e-040 -41..L66 -39.962 L.204

1

1
1
1
1

3
1
1
4
2
5
L
0

909e-024

3.569e-010
7.060e-012
6.739e-0L2
1. 562e-013
1. 666e-019

-10.969 -11.141
-15.889 -15.685
-23.408 -2t.9't 6

-9.447
-11.151
-LL.L7t
-L2.806
-18.778

-0.1'12
1-204
L.432

-204

1. 365e-01

5.493e-01"

2 .407 e+00

.295e-011

.419e-013

.494e-013

.783e-015

.043e-020

-10. 888
-12 .355
-t2 .603
-1,4.238
-L9.982

440
204
432
432

5. 493e-010
1
2 .407 e+O01,
1. 109e-003
3. 162e-004
L.248e-004
3. 789e-011

9.291-e+001
2 .997 e-002
5. 053e-003
l-. 993e-003
1.024e-009

2.2Ooe-010 -9.260 -9.558 -0.397

1.381
-2.955
-3. 500
-3. 904

-L0.422

1.968
-L.523
-2.296
-2.700
-8. 990

0. 587
!.432
1-204
1.204
t.432



o (0)
o2

s(6)
so4-2
NaSO4-
CaS04
MgS04
HSO4-
KSO4-
CaHSO4+

3.493e-015
1.747e-016

1. 149e-010
7 - ?01e-011
3.789e-011
2.542e-02Q
1.043e-020
5.270e-O22
3 -909e-024
5.958e-030

2.270e-QL2
1. 024e-009
4.062e-019
l-. 566e-0L9
L.424e-020
L.056e-022
1. 510e-028

-LL.644
-8.990

-18.39r_
-1.8.778
-19.847
-21.976
-27 .793

2.791e-0L5 -15.758 -14.554 'J-.204

-10. 113
-1-0 .422
-19.595
-L9.982
-2L.278
-23 .408
-29.225

-1.531
t.432
L.204
1".204
t.432
L.432
1-.432

---Saturation indices---------

Phase SI log IAP log KT

Anhydrite
Aragonite
Calcite
cH4 (g)
coz (s)
Dolomite
Glpsum
H2(sl
H2o(sl
Halite
02(sl

-16.33
-5.37
-5 -22

-L26.94
-6-55

-10.80
-16.55
-36. 83
-1.87

-10.25
-11.70

*20.67
-13.68
-13. 68

-L29.75
-7 .95

-27 .77
-2L.13
-39.96
-0.23
-8. 68

-14 .55

-4.34
-8.31
-8.45
-2.82
-L.4'J.

-L6.97
-4 .58
-3. 13

1. .64
1.57

-2.8s

CaSO4
CaCO3
CaCO3
CH4
co2
CaMq (Co3 ) 2
CaSO4:2H2O
H2
H20
NaCl
02

Beginning of batch-reactj-on calculations.

Reaction step 1.

IiIARNING: Maximum iterations exceeded, L00

WARNING: Numerical method failed with this set of convergence parameters.

WARNING: Trying srualfer.step size, pe step size 10, 5

WARNfNG: Maximum iterations exceeded, 200

WARNING: Numerical method failed with this set of convergence parameters.

WARNING: Trying diagonal scaling ...

Using mj-x 1. Mix NaOH and GW G egu w,/ calcite

Mixture 1. Mix NaOH and GW G equ w/ calcite

4.000e-001 Solution 1 Gw 0 eqb w/ Calcite
6.000e-001 Solution 2 NaOH

--Solution contposition---------

Elements Molality Moles

c
Ca
CI
K
Mg
N
Na
s

9.1.12e-0A4 9
7.157e-007 7
2.016e-011 2
6.4,44e-01.2 6
8. l-90e-012 8
3.296e-010 3
1.444e+001 1
6- 894e-011 6

. L12e-004

. L57e-007

.016e-011

.444e-012
-L90e-OL2
. 2 96e-010
.444e+001
.894e-011

---Description of solution



pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kS)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical- balance (eq)
100* (Cat- lAnl ) / (Cat+lAn | )

Iterations
Total- H
Total O

Molality Activity

Charge balance
Adjusted to redox equilibrium

: 9. 906
= 8.696
= 0 --154

Percent eror,

--Distribution of specj_es---

'1 .22Le+00O
: 1.000e+000

1. 971e-003
: 9.7L2e-004

20. 000
7.444e+O01-
99-99

: 19
: 1. 110128e+002
: 5.550922e+001

oH-
H+
H20

c (-4)
cH4

c(4)
NaCO3-
co3-2
NaHCO3
HCO3-
CaCO3
co2
CaHCO3+
MgCO3
MgHCo3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

cl-
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
tlg+2
MgOH+
MgCO3
MgHCO3+
MgSo4

N(-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N(3)
NO2-

N (s)
NO3-

Na
Na+

4 . 12 1e-005
1..243e-070
7.545e-001

13e-005
33e-004
90e-005
98e-008
87e-008
29e-0L0
65e-013
62e-0L5

l-.092e-006
1. 598e-008
3. 82 9e-010
1. 100e-009
3.361e-016
2 .307 e-025

3.844e-012
8.091e-017
3 .997 e-023

2 .641"e-0L1,
3. 577e-013
2.365e-013
9. 062e-015
8.782e-02L

0. 000e+000
0.000e+000
0. 000e+000

1.502e-014

1.516e-018

1.397e-010

2.517e+001

Log Log
Molality Activity

-4.052 -4.38s
-9. 753 -9.906

1.7 44 -0.122

8.864e-005
1.765e-010
5.551e+001

0. 000e+000
0.000e+000

9.Ll2e-Oj4
6. 904e-004
8. 90Le-005
8.027e-005
5 . 14 9e-005
3 .219e-009
2.251e-009
6.592e-010
4 .484e-0]-4
1.703e-015

7. 157e-007
7.116e-007
3.219e-009
6.592e-010
2.068e-010
5.373e-017
4.334e*026

2.016e-011
2.016e-011

0. 000e+000
0.000e+000

6.444e-012
6 .444e-012
1.534e-017
'l .509e-024

8. 190e-Ol-2
8 .07 4e-01,2
6. 909e-014
4 .484e-014
1.703e-015
1.665e-021

0.000e+000
0.000e+000
0.000e+000
0. 0b0e+000

5. 698e-015
2.849e-015

3.578e-018
3.578e-018

3 .2 96e-010
3.296e-010

1.444e+001
l-. 444e+001

Species
Log

Gamma

-0.333
-0.152
0-000

0.000e+000 -132.LAL -131.419 0.722

3. 675e-003
1.0
4.2
2.9
1.6
1.1
3.8
2.3
9.0

-3.161
-4.051
-4.095
-4 -2BB
-8 .492
-8.648
-9. r_81

-13.348
-L4.7 69

-2 .435
-4.994
-3.373
-4.524
-7.770
-7 .926
-9.4'17

-L2.626
-L4.043

-5 .962
-7.'170
-9.4L't
-8. 958

-15 .47 4

-24 .637

0.726
-0.944
0.122

.236

.722

.722

.236

.722

.726

0. 186
0.722

-0.236
o -'126
0.722
0.726

-0.224
0.722
0.726

-0 .424
0.122
0.726

-0
0
0

-0
0
0

-6.1^48
-8 .492
-9. 18 1
-9. 685

-16. 196
-25.363

1.203e-011 -10. 696 -10.920 -0.224

0.000e+000 -41.054 -40.332 0.722

-11.191 -11.415
-16. 814 -76.A92
-23.124 -22.398

-s6.27 4 -56. 698
-56. 915 -56. 193
-68. 106 -67.380

-11.093
-13. 161
-13. 348
-1-4.7 69
-20.7"19

-10.578
-12.435
-12.526
-L4.043
-20.056

0.515
0.726
0.722
0.726
0.722

-14. s45 -13.823 0.722

-1"'1.446 -17.819 -0.373

-9.482 -9. 855 -0.373

1. 1-60 1. 401 0.24L



NaCO3-
NaOH
NaHCO3
NaS04-

o(0)
02

s (-2)
HS-
s-2
H2S

s (6)
NaSO4-
so4-2
CaSO4
HSO4-
MgSO4
KSO4-
CaHSO4+
NH4S04-

. 904e-004

.91-4e-004

.027e-005

.711e-011
9.475e-01

0
0. 000e+000
0. 000e+000
0.000e+000

6. 894e-011-
3.71-1e-011
3. l-83e-011
6.3?3e-017
3.299e-02L
L.655e-021
7.509e-024
4.334e-026
0. 000e+000

3. 575e-003
1. 009e-003
4.233e-0O4
1. 975e-010

0 - 000e+000
0 - 000e+000
0. 000e+000

-3. 161
-3.?18
-4 .095

-10. 431

-2 - 435
-2.996
-3 - 373
-9.704

6
L
I
3
5
4

0
.737e-015 2.498e-0L4 -L4.324 -1-3.602 0.722

0.726
o.722
o -722
o -726

0.722
0.726
o.722
0."126
0.726
0.726

0000e+0
-135.288
-t37.779
-L39.238

-L35.627
-138.784
-138.516

-0.333
-1 - 005
0.722

0.726
-'t_ -294

1. 975e-010
L.617 e-0L2
3.351e-016
L.756e-O20
8.782e-021
3.997e-023
2.307e-025
0. 000e+000

-10.431
-L0.497
-L6.796
-20 .482
-20.779
-23.1_24
-25 -363
-68 - l-05

-9.104
-1,L.791
-L5 .4'14
-19.755
-20.056
-22.398
-24.637
-67 .380

---Saturation indices---------

Phase SI log IAP log tfl

Anhydrite
Aragonite
Calcite
cHa (g)
co2 (g)
Dolomite
Glpsum
,12 (Sl
H20 (s)
H2S (s)
Halite
N2 (s)
NH3 (9)
02(s)
Sulfur

-13.41
-2.55
-2.50

-128.60
-6.52
-9. s6

-L3.42
-37 .20
-t.76

-137.58
-11. 09
-10.58
-58. 07
-10 - 75

-106.31

-L'1.75
-1 0. 96
-10. 95

-L3L.42
-7.93

-26.53
-18.00
-4 0. 33

-0.L2
-738.52

-9.52
-13.82
-56.19
-13.60

-101.31

-4.34
-8.31
-8 .45
-2.82
-1.41

-t6.97
-4 .58
-3. 13

CaSO4
CaCO3
CaCO3
cH4
co2
CaMg (Co3) 2
CaSO4:2H2O
H2
H20
H2S
NaCI
N2
NH3
o2
s

L.64
-0. 94
1.57

-3.24
1- 87

-2.85
5.00

End of simulation.

Reading input data for sj-mulation 2.

End of run.



Input file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\01051O\rain\1-99\eqb mix 1 with calcite and co2.pqi

Output file: C:\Documents and Settings\Jennifer\My Documents\BASE-Hannibal MO\PHREEQ
\010510\rain\1-99\egb mix 1 with calcite and co2.pqo
Database file: C:\Program Files\USGS\Phreeqc fnteractive 2.15.O\phreeqc.dat

Reading data base.

SOTUTION MASTER SPECIES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE-MASTER-S PEC I ES
SURFACE SPECIES
RATES
END

Reading input data for simulation L.

DAIABASE C: \Program Fi-1es\USGS\Phreeqc Interactive 2. 15. 0\phreegc.dat
EQUITIBRIUM_PHASES 1

co2(gl -2 L0
Calcite 0 L0

SOLUTION 1
temp
pH
pe
redox
units
density
C
Ca
C1
K
Mg
N (s)
Na
s(6)
water

Beginning of initial solution calculations.

Initial solution 1.

--Solution composition-------

Elements MolaIity Moles

20
9. 906
8.696

kgwnunol
pe

.000911.2

.157e-007

.016e-011

.444e-0L2

. 198e-012

.2 96e-01-0
4.44
.894e-011
#ks

1

0
7
2
6
8

3
1

6
l_

c
Ca
CI
K
Mgr

N (s)
Na
s(6)

9.11-2e-007
7. 157e-010
2. 016e-01-4
6.444e-015
8.198e-0L5
3.296e-013
1.444e-0O2
6.894e-014

9.LL2e-007
7. 1-57e-010
2.0L6e-0L4
6.444e-015
8. 198e-015
3.296e-013
L.444e-002
6 . 8 94e-014

---Description of solution--------
pH
pe

Activity of water

9. 906
8. 695
1. 000



foni-c strength
Mass of water (kg)

Total alkalinity (eS/kS)
Total CO2 (mo1/kg)

Temperature (deg C)
Electrical balance (eq)

Percent error, 1gg* (Cat- I An I ) / (Cat+ I an | )
fterations

Total H

Tota1 O

MolaIity

5. 983e-005
1.344e-010
5.551e+001

0. 000e+000
0. 000e+000

9.71-2e-007

Activity

5.467e-005
L.242e-lLO
9. 998e-001

5. 063e-010
6. ?55e-013
1.457e-013
3.283e-015
4 .467 e-021-
3. 062e-030

8 9e-015
44e-019
56e-027

5.751e-015
'J..062e-0L6
9.538e-019
3. 651e-020
5 .484e-026

L.323e-002
? .035e-007
3.576e-008
4. 115e-009
2 .9'l6e*0L5

4.637e-014
2.97 6e-0'1,5
4 .467 e-02L
5.O3Oe-022

7.250e-003
1. 000e+000
6. 174e-005
9 . 1 12e-007
20. 000
1.438e-002
99.t6

4

.110125e+002

.550628e+001

-9.L46
-L2-.1-3L
-72.837
-14.446
-20.351
-29 .475

_1
-T_tr

-Distribution of species---

Log Log Log
Molality Activity GammaSpecies

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co3-2
NaCO3-
NaHCO3
co2
CaCO3
CaHCO3+
MgCo3
MgHCO3+

Ca
Ca+2
CaOHr-
CaCO3
CaHCO3+
CaSO4
CaHS04+

C1
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
t,4,g+2

MgOH+
MgCo3
MqHCO3+
MgSo4

N (5)
NO3-

Na
Na+
NaOH
NaCO3-
NaHCO3
NaSO4-

o(0)
o2

s (6)
so4-2
NaSO4-
CaSO4
HSO4-

-4.223 -4.262 -0.039
-9 -872 -9 - 906 -0. 034

L.7 44 -0. 000 0.000

0.000e+000 *L33.52L -133.520 0.001

7.157e-010

.030e-007

.648e-007

.908e-008

.l-08e-009

. 553e-010

.455e-013

.578e-015

.522e-019
- 990e-020

.148e-010

.393e-013

.455e-013

.578e-015

.459e-021

.346e-030

6
2
3
4
1
1
3
9
3

5.533e-007
1.877e-007
3 . 57 5e-008
4.115e-009
1. 656e-010
1.457e-013
3.283e-015
9 - 538e-019
3. 651e-020

-6.220
-6.577
-7.408
-8.386
-9.'182

-L2.837
-L4.446
-18.021
-r_9. 399

-6.257
-6 -727
-7.447
-8.386
-9.78L

-L2.836
-14.484
-18.02L
-19.438

-0.037
-0.150
-0. 039

0.001
0.001
0.00r.

-0.037
0.001_

-0.039

7

7
1
3
4
3

-9.295
-t2.]-70
-L2.836
-L4 - 484
-20. 350
-29.5L4

-0. 150
-0.039
0.001

-0.037
0-001

-0.039
2.QL6e-0L4

2.015e-0L4
0. 000e+000

0.000e+000
6. 444e-015

6.444e-0L5
1.641e-01-9
L.9L9e-027

8. 198e-015
8.081e-015
1. 161e-016
9.522e-0L9
3. 990e*020
5.475e-026

3.296e-01-3
3.296e-013

1.444e-002
1.444e-002
7 .024e-007
3. 908e-008
4.108e-009
3.252e-0L5

8.769e-014
4.385e-014

5.894e-0L4
6. 559e-014
3.252e-015
4 .459e-02L
5 .497 e-022

1. 843e-014 -1,3.696 -13.73s -0. 039

0. 000e+000 -40.333 -40.332 0.001_

5.8
1.6
7.7

-14: 191- -14.230 -0.039
-18. 785 -18 . 784 0. 001
-26.717 -26.756 -0.039

3.008e-013 -L2.482 -L2.522 -0.040

-14.093
-15. 935
-18.021
-19.399
-25 -262

-1"4.240
-L5 .9'l 4

-78.02L
-19. 438
-25.261

-0.148
-0. 039

0.001
-0. 039

0.001

-1.840
-6. 153
-7.408
-8.386

-14.488

-L.87 9

-6. 153
-7 .441
-8.386

-L4 -526

-0.038
0. 001

-0. 039
0. 001

-0 - 039

4.392e-0'1,4 -13.358 -13.3s7 0.001

-13. r_83

-14 - 488
-20.351
-21.260

-13.334
-1,4.526
-20.350
-2L.298

-0.151_
-0.039

0.001
-0. 039



MgSO4
KSO4-
CaHSO4+

5.4
1.9
3.3

75e-026 5.484e-026 -25.262 -25.26L 0.001
t9e-027 1.756e-027 *26.'7L7 -25.756 -0. 039
46e-030 3.062e-030 -29.475 -29.5!4 -0.039

---Saturation indices---------
Phase SI log IAP 1og KT

Anhydrj-te
Aragonj-te
Calcite
cH4 (s)
co2 (g)
Dolomite
Glpsum
H2(s)
H2o(s)
Hali-te
02(s)

-L8.29
-7 .72
-7.57

-130. 70
-8.37

-20.02
-18. 05
-3'1.20
-!.64

-17.18
-10.50

-22 - 63
-L6.02
-L6.02

-L33.52
-9.78

-36 -99
-22.63
-40.33
-0.00

-15. 61
-13.35

-4.34
-8 .31
-8.45
-2.82
-L.41

-16.97
-4.58
-3. 13

1,.64
1.57

-2.85

CaS04
CaCO3
CaCO3
cH4
co2
CaMg (CO3) 2
CaSO4:.2H2O
H2
H20
NaCl
o2

Beginning of batch-reaction cal_culations.

Reaction step 1.

Using solution 1.
Using pure phase assemb,:Lhge 1.

----Phase assemblage---------

Phase

Cal-cite
co2(s)

4.251e-003
1. 904e-003
2.016e-0L4
6.444e-015
8. 198e-015
3.296e-013
L.444e-0O2
6. 894e-014

4 .251e-003
1. 904e-003
2. 016e-014
6.444e-0L5
8. 198e-015
3.296e-013
7.444e-OO2
6.894e-014

Sf log IAP 1og KT
Moles in assemblage

fnitial Einal Delta

0.00 -8.45 -8.45 1.000e+001 9.998e+000 -1.904e-003
-2.00 -3.41 -1,.41 1.000e+001 9.998e+000 -2.345e-003

--Solution composition--------

Elements MoIality MoIes

c
Ca
c1
K
Mg
N
Na
s

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total Co2 (mol/kg)
Temperature (deq C)

Electrical balance ("S)
19g* (Cat- lAnl ) / (Cat+lAnl )

Iterations
.Tota1 H
Total O

7.318 Charge balance
= 11.295 Adjusted to redox

1..282e-O02
1. 000e+000
3.871-e-003
4.251e-003

1.438e-002
55. s3

9
= 1.110125e+002
:5.551668e+001

eguilibri-um

I

Percent error,

--Distribution of speci



Species Molality Activity
Log

Molality

-14.191
-21.385
-26.8L4

-54 .607
-56.7 43
-65. 931

-13s.198
-135.558
-140. 807

Log
Activity

-6. 850
-7. 318
-0. 000

-14.241
-21-.384
-26.863

-L35.249
-135.556
*14 1. 000

Log
Gamma

oH-
H+
H20

c(-4)
cH4

c (4)
HCO3-
co2
CaHCO3+
NaHCO3
CaCO3
co3-2
NaCO3-
MqHCO3+
MqCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Mg+2
MqHCO3+
MgCo3
MqOH+
MgSo4

N(-3)
NH4+
NH3
NH4S04-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na*
NaHCO3
NaCO3-
NaOH
NaSO4-

o(0)
o2

s (-2)
HS-
H2S
s-2

s(6)
so4-2
CaSO4
NaS04-
HSO4-

85e- 0 07
09e-008
51e+001

0. 000e+000
0. 000e+000

4 .251e-003
72e-003
07e-004
60e-005
42e-005
85e-006
90e-006
56e-007
41 e-0t6
4 8e-017

1. 904e-003
1.846e-003
5.260e-005
5.385e-006
4 .598e-009
8 . 37 9e-015
2.501e-021

2.01-6e-014
2.0L6e-014

0. 000e+000
0.000e+000

6.444e-0L5
.444e-015
.L22e-Q22
.535e-027

8.198e-01
.960e-015
.247 e-01"6
.348e-017
.7 62e-01-9
.935e-026

0. 000e+000
0. 000e+000
0.000e+000
0.000e+000

2.782e-0'15
1.391e-015

2.546e-02L
2.546e-027

3.268e-013
3.268e-013

L.444e-002
1, .442e-002
2 .442e-005
6. l-56e-007
L.7 64e-009
2. 600e-015

9.677e-01-4

0. 000e+00
00e+000
00e+000
00e+000

6.894e-014
5.796e-014
8 . 37 9e-015
2.600e-015
1. ?48e-019

-6.800
--7 .275

), -'7 44

-0 - 051
-0.043
0.000

1.5
5.3
5-5

1.411e-007
4. 810e-008
9. 997e-001

0-000e+000 -L27.234 -L2'l.233 0. 001

3.7
3.9
5.2
2.4
5.3
4.5
6.L
2.2
1.3

3.380e-003
3. 919e-004
4. 713e-005
2 - 449e-OO5
5. 401e-006
2.960e-006
5. 493e-007
2.005e-016
1.352e-01-7

-0.049
0. 001

-0. 051
0. 001

-0. 193

-2.423
-3.408
-4.279
-4.6L2
-s.269
-s.338
-6.2Ll

-15. 648
-16. 870

-2 .4'tt
-3.407
-4.327
-4 .6t]-
-5.268
-5.529
-6.260

-1s. 698
-16.869

048
001
048
001
001
191
049

-0.
0.

-0.
0.
0.

-0-
-0.

0
-0

0
-0

1-. 190e-003
4.713e-005
5.401e-006
4.104e-009
8.404e-015
2.232e-O2L

5. 73Be-015
4.t35e-022
L -37 0e-02"1

-2.734
-4.27 9

-5.269
-8.337

-L4.01'7
-20.602

-2.925
-4.327
-5.268
-8.387

-t4.07 6

-20 .657

-0. 191
-0.048

0. 001
-0.049
0.001

-0.049

1.795e-014 -l-3. 695 -13.7 46 -0.050

0. 000e+000 -40. 355 -40.354 0. 001

6
4
1

5
7

2
1

2
3

1.395e-015 -14. 857 -14 .855 0.001

2.26Le-021 -20.594 -20 -645 -0.051

2 . 903e-013 -12.486 -]-2 .53'7 -0. 051

-0.049

-0. 050
0. 001

-0-049

-14.099
-15.648
-16. 870
-L8. 5s9
-25.405

-L4.28't
-1s. 698
-16. 869
-18. 608
-25 .404

-0. 187
-0.049
0. 001

-0. 04 9
0. 001

-54.660
-56 -'t 42
-66. 980

-0. 052
0. 001

-0.049

-1.841
-4 .61_2
-6.21L
-8 .754

-14 .585

-1.890
-4 .6LL
-6.260
-8.752

-14 -634

.001

.049

.001
-049

5. 169e-015
2.005e-016
1.352e-017
2.464e-0L9
3.946e-025

0.000e+000
0. 000e+000
0 - 000e+000

1-.288e-002
2 - 449e-005
5. 493e-007
1.769e-009
2.32Le-015

0. 000e+000
0 - 000e+000
0. 000e+000

3.712e-0L4
8. 404e-015
2.32Le-0]-5
1.560e-01-9

0
a

0
0

q

0
0
0
0

838e-014 4 . 853e-014 -13.31-5 -13. 314 0. 001

-t3.237
-L4.O77
-14 .585
-18 .757

-13.430
-L4 .07 6
-L4 .634
-18.807

-0.194
0.001

-0.049
-0.049



CaHSO4+
MgSO4
KSO4-
NH4SO4-

2.501e-Q21
3.935e-026
1.535e-027
0. 000e+000

2.232e-02'L
3.946e-026
1.37 Oe-027
0. 000e+000

-20 .651
-25 .404
-26.863
-66. 980

49
01
49
49

-20 .602
-2s.405
-26.814
-66. 931

-0. 0
0.0

-0. 0

-0. 0

---Saturation indices---------

Phase SI 1og IAP log KT

Anhydri-te
Aragonite
Calcite
cH4 (s)
co2 (sl
Dolomite
Glpsum
H2lsl
H2o{g)
H2S (g)
Halite
N2 (s)
NH3 (s)
02(sl
Sulfur

-L2.0L
-0. 15
0.00

-L24.4L
-2.00

-11-.30
-11.77
-37 .23
-t.64

-L34.62
-17.21
-1 1. 61
-58.61
-10. 46

-103.33

-16.35
-8.45
-8. 45

-127 .23
-3.41

-28.27
-16.36
-40.35
-0.00

-135.56
-15. 64
-14.85
-56.7 4

-13.31
-98.33

-4.34
-8 .31
-8. 45
-2.82
-1.41

-L6.97
-4.58

CaSO4
CaCO3
CaCO3
cH4
co2
CaMg(Co3) 2
CaSO4:.2IJ20
H2
H20
H2S
NaCl
N2
NH3
o2
s

-3. 13
1.64

-0.94
L.5't

-3.24
L.87

-2.85
5.00

End of simulation.

Readi-ng input data for sj-mulation 2

End of run



Run 2 continued
fnput file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\eqb mix 2 withmontmorillonite.pqi
output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal Mo\PHREEQ

\010510\raj-n\eqb mix 2 withrnontmorillonite.pqo
Database file: C:\Program Files\USGS\Phreegc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOTUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE MASTER SPECIES
SURFACEIPECTES
RATES
END

Reading input data for simulation L.

DAIABASE C: \Program Files\USGS\Phreeqc Interactlve 2.L5. 0\phreeqc.dat
EOUTLTBRIUM_PHASES 1

Ca-Montmorillonite 0 10
SOLUTION 1

temp 20
pH 7.313
pe 11.534
redox
units
density
C
Ca
c1
K
Mg
N (s)
Na
s(6)
water

kgwmmol
pe

1
0
0
8

2
3
I
0
2

.004154

.001866

.L24e-0L3

. 601e-013

.308e-013

.329e-011

.008832

.7 85e-012
1#ks

Beginning of initial" solution calculati-ons.

Initial solution 1.

-Solution compos j-tion---------

Elements Molality Moles

C

Ca
CI
K
Mg
N(s)
Na
s (6)

4.154e-006
1.856e-006
8. 124e-0L6
2.601e-076
3.308e-015
L.329e-Ql4
8.832e-006
2.785e-015

4. 154e-006
1.866e-006
8. 124e-016
2. 501e-01-6
3.308e-016
1 . 32 9e-01-4
8. 832e-005
2 .785e-01-5

--Description of solution----------:-

pH
-. pe

Activity of water
Ionic strength

7.313
= 11.534

1. 000
1.011e-005



Mass of water (kg)
Total alkalinity (eelkg)

Total CO2 (mo1/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 1gg* (Cat-lAnl ) /(Cat+lAnl )

Iterations
Total H

Total O

Species Molality Acti-vity

1 - 396e-007
4.864e-008
1 - 000e+000

1. 839e-006
7. 980e-011
9.042e-0L2
6.273e'01-2
9.597e-019
2 -57'le-025

2 .591e-015
L.84'l e-023
4.571e-030

3.259e-016
1.537e-020
1. 385e-020
9.235e-022
1-.839e-028

8. 800e-006
1.832e-01-1
1. 195e-012
4. 065e-013
1. 171e-019

2.7 43e-0L5
9.597e-019
1. L?1e-01-9
1- l-66e-020
2.57"1e-Q25

l-. 000e+000
3.81-5e-006
4. 154e-006
20.000
8 . 74 9e-006
53. 10

-15.58s
-22.733
-29.338

L0L24e+Q02
50623e+001

Log Log
Molality Activity

-6. 854 -6. 855
-'7 .3LL -'t .31-3

L -7 44 -0. 000

-5.729
-10. 096
-11.044
-Lt.201-
-18.018
-24 .587

-5. 735
-10.098
-L1- .044
-7L.202
-18.018
-24.589

-0. 006
-o -002

0. 000
-0.002

0. 000
-0.002

3
1
5

_1
-a

-E

-Distribution of sPecies---

Log
Gamma

oH-
H+
H20

c(-4)
cH4

c (4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
MgHCO3+
MqCo3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
lrlg+2
MgOH+
M9HCO3+
MgCO3
MgSO4

N(s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-
NaSO4-

o(0)
o2

s (6)
so4-2
CaSO4
NaSO4-
HSO4-
CaHSO4+

1.401e-007
4.882e-008
5 . 55 1e+001

0 - 000e+000
0. 000e+000

4.154e-006
3.717e-005
4.339e-007
3.254e-009
8.009e-011
1. 832e-011
9.042e-012
4.080e-013
1.390e-020
9.235e-022

l-. 865e-006
1.866e-006
8.009e-01-1
9.042e-012
6.29'l e-OL2
9.597e-019
2 .587 e-025

8.L24e-0L6
8.L24e-016

0. 000e+000
0. 000e+000

2.501e-016
2 .601e-016
L.847e-023
4.588e-030

3. 308e-016
3.308e-016
1.543e-020
1.390e-020
9.235e-022
1.839e-028

1.329e-014
1.329e-0L4

8. 832e-006
8.832e-006
1.832e-011
1.195e-012
4.080e-013
1.176e-01-9

8 .393e-01-3
4.196e-013

2.785e-015
2.784e-0L5
9.597e-019
1. 176e-019
1-. 170e-020
2.587 e-025

0.000e+000 -132.062 -1.32.062 0.000

-15. s86
-22.733
-29.340

-0.002
-0. 002

0. 000

-0. 002
0. 000

-0. 002

3.703e-005
4 .339e-007
3.206e-009
7. 980e-011
1.832e-011
9.042e-012
4.065e-013
1. 385e-020
9.235e-Q22

-5. 430
-6. 363
-8.488

-10. 096
-10.73't
-11. 044
-L2.389
-19. 857
-21.035

-5. 431
-6.363
-8 - 494

-10 - 098
-10. 737
-11.044
-L2.39L
-19 - 859
-21.03s

-0. 002
0.000

-0. 006
-0.002
0.000
0.000

-0. 002
-0. 002

0. 000

8.094e-016 -15. 090 -15.092 -0.002

0.000e+000 -40.822 -40.822 0.000

t.324e-0t4 -13. 876 -13. 878 -0. 002

-15.480
-1,9 -812
-19. 857
-21.035
-27 .735

-15.487
-19. 813
-19.859
-21. 035
-27 .735

-0.
-0.
-0.

0.
0.

006
002
002
000
000

-q
-10.
-11.

-s - 056
-10.737
-L1,.923
-12.391
-18. 931

02
00
00
02
02

-0. 0
0.0
0.0

-0.0
-0. 0

05
73
92

4
7

3
-r2.389
-18. 930

4 . 196e-013 -1.2.377 -L2.37'l 0.000

-14.555
-18.018
-18.930
-L9.932
-24.587

-]-4.562
-18.018
-18. 931
-19.933
-24.589

-0.006
0-000

-0.002
-0.002
-0.002



MqSO4
KSO4-

1.839e-028 1.839e-028 -2-t .735 -27 .735 0.000
4 - 588e-030 4.571e-030 -29 .338 '29.340 -0. 002

---Saturation indices--------

Phase SI 1og IAP 1og KT

Anhydrite
Aragonite
Calcite

tcnq lgl
co2 (s)
Dolomite
Glpsum
H2(sl
H2o(gl
Halite
02 (s)

-15. 95
-5 -92
-5.78

-1_29 -24
-4.96

-2L.24
-1_5.72
-37.69

-1_ - 64
-21- -7 2

-9 -52

-20.30
-L4.23
-'J.4.23

-132.06
-6. 36

-38.2L
-20.30
-40.82
-0.00

-20.75
-L2.38

-4.34
-8.31
-8.45
-2.82
-1. 41

-L6.97
-4.58
-3. 13

L.64
1.57

-2.85

SI log IAP log KT

CaSO4
CaCO3
CaCO3
cH4
co2
CaMq(Co3) 2
CaSO4:2H2O
H2
H20
NaCl
o2

42.54
9

1. 11,0124e+002
5.550625e+001

Beginnj-ng of batch-reaction calculations.

Reaction step 1.

Using solution 1.
Using pure phase assemblage 1.

-----Phase assemblage

Phase
Moles in assemblage

Initial Final Delta

Ca-Montmori-Llonite 0.00 -45.76 -45.76 1.000e+001 1.000e+001 -2.061e-005

---Solution composition-------

Elements Molality Moles

Al_
c
Ca
CI
K
Mg
N
Na
s
si

4.802e-006
4.154e-006
2.206e-0O6
B. L24e-016
2.601e-016
3.308e-016
1.329e-0L4
8. 832e-006
2.785e-015
7 .563e-006

4 -BO2e-OO6
4.154e-006
2.205e-006
8.124e-016
2.601e-015
3.308e-016
1.329e-014
8.832e-006
2.785e-015
7 . 5 53e-006

--Descri-ption of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkS)

Total CO2 (noI/kg)
Temperature (deg C)

Electrica"l balance ("q)
Percent error, 100* (Cat-lAnl ) / (Cat+lAnl )

Iterations
Total H
?ota} O

6.517
12.232

= 1.000
1.255e-005
1. 000e+000

= 1.890e-005
4. 154e-006
20.000
Q. 74 9e-006

Charge balance
Adjusted to redox equilibrium

--Distributj-on of species--------



Species MolaIity

2.427e-007 2
2.821e-Q08 2
5.551e+001 1

Activity

. 4l-7e-007

.809e-008

.000e+000

3.233e-006
1. 057e-006
4.405e-007
5.1L0e-008
t -727e-009
1. 400e-020
2.880e-028
1.184e-033

2 - 518e-006
L.524e*006
4.563e-010
6. 659e-011
1.295e-011-
1.519e-012
5.782e-014
9 .77 6e-02L
1.3L2e-022

2.L'70e-006
6. 559e-01-1
'l-.51,9e-0L2
1.490e-0L2
1. 131e-018
7.509e-024

2.590e-016
3."ll7e-024
4.561e-030

Log
Molality

-6. 615
-7 .550

1.7 44

-5.489
-5.97 4

-6. 356
-7 .284
-8 -'147

-1_9.852
-27 .533
-32.925

-5.580
-5. 817
-9.334

-10. 175
-10.888
-11 . 819
-]-3.236
-20. 008
-21.882

-5. 656
-10. 175
-11 - 819
-Lt.825
-t7.94't
-23.820

-15. s8s
-23.430
-29.339

-56.482
-59.267
-69 .934

Log
Activity

-6 .6!"7
-7.551
-0.000

-5.490
-5 .91 6
-6.356
-'t .292
-8.763

-19. 854
-27 .54L
-32.927

-5.582
-5.817
-9.341

-L0.L7'l
-10. 888
-11 - 819
-13.238
-20.0L0
-2L.882

-s .664
-'J.0.177
-11.819
-1-1_.82'7
-L'7.947
-23.82]-

-15.587
-23 .430
-29.341-

-56.483
-59.267
-69.936

-5.056
-10.888
-'1.2.6L9
-13.238
-18.932

Log
Gamma

-0.002
-0 - 002

H+
oH-
H20

A1
A1(OH)4-
A1 (oH) 2+
A1(OH) 3
AloH+2
A1+3
A1SO4+
AIHSO4+2
Al (so4) 2-

c(-4)
CH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCo3
NaCO3-
MgHCO3+
M9CO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

c1
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
Ytq+2
MgHCO3+
MgOH+
MgCo3
MgSo4

N (-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-
NaSO4-

o (0)
o2

-0. 002
-0.002
0. 000

4.842e-006
3.246e-QQ6
1.061e-006
4 .405e-007
5. 195e-008
L.792e-009
L.406e-020
2.928e-028
1.189e-033

0 - 000e+000
0. 000e+000

4. 154e-006
2.529e-006
1.524e-006
4. 638e-010
6. 587e-011
1.295e-011

-0.002

0 . 000e+000 -]-3'J- .527 -13L.527 0. 000

0.
-0.
-0.
-0.
-0.

-0.
0.

-0.
-0.
0.
0.

000
007
016
002
007

002
000
007
002
000
0001

5
9
1

.519e-012

.806e-014

.81-6e-021

.31"2e-Q22

.206e-006

.687e-011

.5L9e-0L2

.496e-0L2

.131e-018

.5L5e-024

-0. 007
-0.002
0.000

-0.002
0. 000

-0. 002

-0.002
-0 - 002

0. 000

-0.002
0. 000

-0. 002

2 -206e-OO6

8.L24e-0'16
8.'124e-0L6

0. 000e+000

2 .601-e-0L
.000e+000

. 601e-016
-'7L'7 e-024
.580e-030

3. 308e-01
308e-01 5
8 15e-021
101e-02 1

3L2e-022
833e-028

-0.002
0.000

-0 .002

-15.480
-20.008
-20.508
-21,.882
-27 .'737

-15.488
-20.010
-20.s10
-21.882
-27 .737

-0. 007
-0.002
-0.002
0. 000
0. 000

2
6
1
1

1

1

0
6
2
3
4
6
3
9
3
1
1

8.091e-016 -l-5.090 -L5.092 -0.002

0.000e+000 -40.825 -40.825 0. 000

0. 000e+000
0. 000e+000
0. 000e+000
0. 000e+000

6.446e-0L9
3.223e-01-9

3.498e-023
3 . 4 98e-023

1.329e-014
1.329e-014

8.832e-006
8.832e-005
1.295e-011-
2.405e-013
5. 806e-014
1. 174e-019

8 .500e-013
4 .250e-013

0.0
0.0
0.0

3.254e-0L5
9 .1 7 6e-02L
3.089e-021
L.3l2e-022
1. 833e-028

00e+000
00e+000
00e+000

8.795e-006
1.295e-011
2. 405e-013
5.782e-014
1. 169e-019

3.223e-01-9 -18 .492 -1-B .492 0. 000

3.484e-023 -22.456 -22.458 -0.002

L.323e-014 -13.875 -13.878 -0.002

-5.054
-10. 888
-72.6t9
-13.236
'18. 930

-0. 002
0.000
0.000

-0. 002
-0.002

4.250e-013 -72.372 -72.372 0. 000



s(-2)
H2S
HS-
s-2

s(6)
so4-2
CaSO4
NaSO4-
HSO4-
A1SO4+
CaHSO4+
AlHSO4+2
MgSO4
KSO4-
A1 (SO4) 2-
NH4 SO4 -

Si
H4SiO4
H3Si04-
H2SiO4-2

0. 000e+000

2 - 785e-01

7 .563e-006

. 000e+000

.000e+000

.000e+000

0. 000e+000
0. 000e+000
0. 000e+000

-1.37.L71.
-131 .564
-1,44 -O1'7

-14.562
-11 -94"1
-1"8 .932
-L9.238
-19. 854
-23.821
-27 .54L
-2't .'737
-29.341"
-32 .927
-69 .936

0
0
0
E

2
1

1
5
1
1
2
1
4
1

0

-137 .1,71
-137.553
-1-44 . OLo

00
02
o'7

0.0
-0. 0
-0. 0

0
-0
-0

7.559e-006 7.559e-006 -5.122 -5.722
3. 869e-009 3. 854e-009 -8 .412 -8 .414
7.884e-016 7.755e-016 -15. 103 -15. 110

.784e-015

. 131e-018

.t'l4e-0L9

.806e-020

.406e-020

.515e-024

.928e-028

.833e-028

.580e-030

.189e-033

.000e+000

-39. 83
11. 09

-20.23
-40.82
-0. 00

-L37 .1_7

-20.15
-51.'12
-36.44

8. 93
11. 93

-18.49
-59.27
-12.37

-5.1-2
-L9.87
-L9.87
-5 .1-2

-99 .47
-27 -25

2.738e-0L5
1 - 131e-018
1. 169e-019
5 .7 82e-Q2O
1.400e-020
1.509e-024
2 - 880e-028
l-.833e-028
4 .561e-030
1. 184e-033
0. 000e+000

.97

64

-14.555
-L7.941
-18.930
-19.236
-19 -852
-23 .820
-.2't .533
-2'7.737
-29.339
-32.925
-69 .934

-0. 007
0. 000

-0 .002
-o -oo2
-0. 002
-0. 002
-0. 007

0. 000
-0.002
-0 - 002
-0.002

000
002
007

---Saturation indices---------

Phase SI log IAP log KT

A1 (oH) 3 (a) -0. 04 11. 09 11. 13
Albite -7.58 -25.97 -18.33
Alunite -30.53 -31.30 -0.7'l
Anhydrite -15.88 -20.23 -4.34
Anorthite -7. 03 -26.89 -19. 86
Aragonite -G .7 0 -15. 00 -8 . 31
Ca-Montmorillonite 0.00 -45.76 -45
Cal-cite -6.55 -15. 00 -8.45
cH4 (g) -128.71 -131.53 *2.82
Chalcedony -1 .51 -5.1-2 -3. 61
Chlorite ( 14A) -7 4 .'13 -4 .46 70.27
Chrysotile -49.84 -17. 01 32.83
co2 (gl -4 .41 -5 .82 *L.4L

Al- (oH) 3
NaA1Si308
KA13 (So4 ) 2 (OH) 6
CaSO4
CaAl-2Si2o8
CaCO3

.7 6 CaO. 165A12 . 33Si3 . 67010 (oH) 2
CaCO3
CH4
si02
Mq5AI2Si3o10 (oH) 8
Mg3Si2o5 (oH) 4
co2
CaMg (co3 ) 2
A1(OH)3
CaSO4:2H2a
H2
H20
H2S
NaCl
K0. 6Mg0 .25AL2. 3si3. 5010 (oH) 2
KA1Si308
KA13Si3O10 (OH) 2
A12Si205 (OH) 4
N2
NH3
o2
sio2
Mg2Si307 . 5OH: 3H2O
Mg2Si3o7 . 5oH: 3H2O
si02
S

Mg3Si4o10 (oH) 2

Dolomite
Gibbsite
Glpsum
H2 (s)
H20 (s)
H2s (g)
HaIite
Illite
K-feldspar
K-mica
Kaolinite
N2 (s)
NH3 (s)
02 (s)
Quartz
Sepiolite
Sepiolite (d)
SiO2 (a)
Sulfur
Talc

-22.86
2 .69

-15.64
-37 .70
-L.64

-L36.23
-2L.72
-'J,0 .17
-15.48
-4.52
4.06

-L5.25
-5L.t4
-9.52
-1. 07

-35.77
-38 .53
-2.37

-104.48
-49.23

-0.94
1.57

-40. 95
-20.96

13-45

-16
I

-4
-3

1

40
58
13

7.88
-3.24

1,.87
-2.85
-4.06
15.89
18. 66
-2.75

5. 00
2L.98

End of simulation.

Reading input data for simulation 2.



End of run



Run 3

Input file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\0 1 051 0 \ 1 0Srainwater+908NaOH. pqi

Output file: C:\Documents and Setti-ngs\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\ 0 10510 \ 1 0 Srainwater+908NaOH. pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOTUTION MASTER SPECIES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE}PECIES
SURFACE IIASTSN SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Fil-es\USGS\Phreeqc Interactive 2. 15. 0\phreeqc.dat
EQUILIBRIUM_PHASES 1

co2(s) -3.s L0
SOLUTION l- rainwater

temp 25
pH 5.24
pe4
redox pe
units mq/I
densitlz 1
Ca 0.458
Mg 0.034
Na 0.082
K 0.043
cl 0.122
s(6) 1.131
N (5) 1. 004
N(-3) 0.36
water 1 # kq

SOLUTION 2 NaOH
temp 20
pH 74
pe4
redox pe
unlts mmol/kgw
density 1
Na 24.9 moJ-/kqw
water 1 * kg

MIX 1
1 0-1
2 0.9

Beginning of initial solution calculations.

Initial solution 1. rainwater

---Solution composition------

Elements Molality MoIes

Ca
CI
K

1-. 143e-005
3. 441e-006
1. 100e-006

1. 143e-005
3. 44Le-006
1.100e-006



Mg
N (-3)
N (s)
Na
s (6)

1.398e-006
2 .570e-005
7. 168e-005
3.567e-006
1. 177e-005

1.398e-006
2.570e-005
7.168e-005
3.567e-006
1. 177e-005

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity leq/kg)

Total carbon (moI/kg)
Total CO2 (mol/kq)

Temperature (deg C)
Electrj-cal balance (eq)

100* (Cat- lAn I ) / (Cat+ lAnl )

Iterations
Total H

Total O

Molality Activity

=r
=5

5.240
4. 000
1. 000

1. 047e-004
1. 000e+000
5. 824e-006
0. 000e+000
0. 000e+000
25. 000
3. 682e-005
22-96

3
.110125e+002
.550648e+001

Percent error,

------Redox couples-

Redox couple pe Eh (vo1ts)

N(-3)/N(s) 8.3903 0.4963

-Distribution of species---

H+
oH-
H20

Ca
Ca+2
CaSO4
CaHSO4+
CaOH+

c1
c1-

H(0)
H2

K
K+
KSO4-
KOH

Mg
Ylq+2
MgSO4
MgOH+

N(-3)
NH4+
NH4SO4-
NH3

N (s)
NO3-

Na
Na+
NaSO4-
NaOH

o(0)
o2

s (6)

5.822e-006
1. 760e-009
5.551-e+001

1. 143e-005
1.140e-005
2.429e-008
8 .288e-013
3.174e-013

3.441e-006
3.441e-005

4 .688e-022
2.344e-022

1. 100e-006
1. 100e-006
8.649e-011
6.547e-016

1.398e-006
1.395e-006
3.492e-009
8.497e-013

2 .570e-005
2 .570e-005
3.705e-009
2 .515e-009

7.168e-005
7. 168e-005

3.567e-006
3.567e-006
2.001e-010
4.047e-015

0.000e+000
0.000e+000

1. 177e-005

5. 754e-006
1. 740e-009
1. 000e+000

1. 088e-005
2 - 429e-008
8.190e-013
3. 137e-013

1. 087e-006
8 .547e-011-
6.548e-016

1.331e-006
3 .492e-009
8.397e-013

2.539e-005
3. 662e-009
2.515e-009

3.525e-006
1.977e-010
4.047e-015

tog Log
MolaIity Activity

-5.235 -s.240
-8 .754 -8 .7 60

1- -7 44 -0 - 000

-5. 959 -5.964
-10. 063 -10.068
-15.184 -1s. 184

-5.855 -5 - 876
-8.457 -8.457

-12 .07 L -1.2 .07 6

-5.448 -5.453
-9.699 -9.704

-14.393 -14 .393

Species
Log

Gamma

-0. 005
-0. 005
0.000

-4.943
-7.614

-12.082
-1_2 .498

-4.963
-7.674

-1-2 .087
-1_2 -503

-0.020
0. 000

-0. 005
-0. 005

3.401e-006 -5.463 -5.468 -0.005

2.344e-022 -21..630 -21.630 0. 000

-0. 005
-0.005
0-000

-0. 020
0. 000

-0. 005

-4.590
-8.43r-
-8 - 600

-4 .595
-8 .436
-8 - 500

-0. 005
-0. 00s
0-000

7.083e-005 -4.L45 -4.150 -0.005

-0.005
-0. 005

0. 000

0. 000e+000 -49 .'L2O -49.]-20 0.000



so4-2
CaSO4
HSO4-
NH4SO4-
MgSo4
NaSO4-
KSO4-
CaHSO4+

1. 174e-005
2.429e-QOl
6.337e-009
3.705e-009
3.492e-009
2. 001e-010
8 . 64 9e-011
8.288e-013

1- 11-9e-005
2.429e-008
6.263e-009
3 - 662e-009
3 .492e-009
1. 977e-010
8.547e-011
8.190e-013

-4.931
-'t.6t4
-8.198
-8.431
-8. 457
-9.699

-10 - 063
-1-2 -OB2

-4 .951,
-7.6]-4
-8.203
-8.436
-8 .457
-9 .'l 04

-10.068
-1"2 .087

-0.027
0.000

-0.005
-0. 005

0. 000
-0. 005
-0.005
-0.005

---Saturation indices---------

Phase SI log IAP 1og KT

Anhydrite
Glpsum
H2(s)
H20(sl
Halite
NH3 (s)
02 (s)

-4.36
-4.58
-3. r.5

-5. 5s
-5.33

-18.48
-1.51

-L2.50
-10.37
-46.23

-9. 91
-9.9L

-21.63

CaSO4
CaSO4:2H2O
H2
H20
NaCI
NH3
02

1

1
1
2

58
77
B9

00
92
60
1_2

-0.
-10.
-8.

-49 -

.51

Initial solution 2. NaOH

---Solution composition-------

Elements Molality Moles

2.490e+00L 2.490e+001Na

-Description of solution--

pH
pe

Aetivity of water
Ionic strength

Mass of water (kS)
Toral alkalinirY Gq/kg)

Total carbon (mo1/kq)
Total Co2 (mol/kg)

Temperature (deg C)
Electrical balance (eq)

Percent error, 100* (Cat-lAnl ) /(Cat+lAnl )

fterations
Total H

Total O

=1:1
=2

0
=0
_a

352
156
000

8
1
5
0
0

14.000
4.000
0.562
.184e+001
.000e+000
.931e+000
.000e+000
.000e+000
0.000: 2.197e+001

-- 92.'t 6
=6: 1. 139431e+002: 5.843693e+001"

-Distribution of species---

Species
Log Log

Molality Activity Molality Activity
Log

Gamma

oH-
H+
H20

H (0)
H2

Na
Na+
NaOH

o(0)
o2

0. 000e+00

.574e-001

.432e-0L4

.551e+001

.000e+000
2.490e+001

2.283e+00L
2.073e+000

7 .L02e-0LB
3.551e-018

-0. 067
-13.844

)..'144

-0.418
-14 .000
*0.250

-0
-0

0

3. 816e-001
1.000e-014
5. 521e-00L

8.532e+001
3. 169e+001

'l .447 e-040 -40 .312 -39 .128

1.358
0.317

1. 931
1 .501

1. 184

0.573
1.184

1.1845.427e-017 -17.450 -L6.265

---Saturation indicea--------

Phase SI 1og IAP 1og KT

H2(s) -36. 00 -39. 13 -3. 13 H2



H2o(q)
02 (sl

-1.89
-13-41

-0 -25
-76 -2"1

SI log IAP 1og KT

H20

Moles j-n assemblage
Initial Final Delta

o2
1.64

-2.8s

Beginning of batch-reaction calculations.

Reaction step 1.

Using mix l-.
Usj-ng pure phase assemblage 1.

Mixture 1.

00e-001 Solution l- rai-nwater
00e-001 Solution 2 NaOH

----Phase assemblage

1.0
9.0

Phase

coz (s) -3.50 -4.91 -7.47 1.000e+001 8.588e+000 -1.412e+000

--Solution composition---------

Elements Molality MoIes

c
Ca
C1
K
Mg
N
Na
s

1.382e+000
1. 118e-005
3. 367e-007
1.075e-007
1 - 368e-007
9.528e-006
2 - 193e+001
L -'152e-OOG

1. 412e+000
1. 143e-006
3.441e-007
1.100e-007
1.398e-007
9. 738e-006
2.24Le+00L
L.\77e-006

-Description, of solution--

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalj.nity (eqlkg)

Total CO2 (nol/kg)
Temperature (deg C)

Electrical balance (eq)
100* (Cat- lAn t ) / (Cat+ lAnl )

Iterations
Total H

Total O

: 10. 088: 8.402
0.623
. L33e+001
-022e+OOO
.581e+000
.382e+000
0. 500

1. 977e+001-
= 86.89
=24: 1.136501e+002
:6-096855e+0ol-

Charge balance
AdJusted to redox equilibrium

=1
1

-r
2
1
2

Percent error,

-Distribution of species---

Species Molality Activity
Log Log Log

Molality Activity Ganuna

oH-
H+
H20

c(-4)
CH4

c(4)
NaCO3-
co3-2
NaHCO3

5.383e-005
8. 174e-011
6.228e-00L

2. l-39e+001
2.O28e-002
1.561e+000

-0.350
-0. 156

0. 000

L.206e-004
1. 170e-0L0
5.551-e+001

0.000e+000
0. 000e+000

1.382e+000
1.005e+000
1. 931e-00L
1. l-50e-001

-3.919 -4.269
-9.932 -t-0.088
L.7 44 -O .206

0.000e+000 -L28.547 -L27 .4L5 1.133

0.002 1.330 1.328
-0.7L4 -1.693 -0.979
-0. 939 0. 193 1. 133



HCO3-
co2
CaCO3
CaHCO3+
MgCo3
MqHCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
MgCo3
I'rtq+2
MqHCO3+
MgOH+
MgSO4

N(-3)
NH4+
NH3
NH4SO4-

N(0)
N2

N(3)
NO2-

N (5)
NO3-

Na
Na+
NaCO3-
NaHCO3
NaOH
NaSO4-

o(0)
02

s(-2)
HS-
s-2
H2S

s(6)
so4-2
NaSO4-
CaSO4
MgSO4
KSO4-
HS04-
CaHSO4+
NH4SO4-

1. 118e-006

3.367e-00

.902e-007

. ?65e-007

. 12 9e-008

.032e-011

.161e-013

.360e-023

.357e-007

-9.74 -14.08
0.15 -8.16
0.30 -8.16

-124.59 -L27 .4'J.

05e-008
71e-0'l-2
11e-014

1..'t 62e-006
9. 754e-008
4.363e-008
1.786e-009
4.899e-013

0. 000e+000
0. 000e+000
0.000e+000

7. 131e+001
2.139e+001
1. 561e+000
3.590e-003
8 .369e-006

0. 000e+000
0. 000e+000
0. 000e+000

-6. 968
-L2.859
-15.282

-6. 887
-8.313
-8.688

-10.076
-L3 .442

-5 .7 54
-7.011
-7 .360
-8.748

-L2.310

6.837 e-002
9. 000e-007
-l .902e-00'l
2.7 65e-007
1 -298e-0Q7
2 - 051e-009

3.892e-OO2
1. -22Le-005
1. 072e-005
1.574e-007
l.'162e-006
4.353e-008

-1. 165
-6.046
-6.L02
-6.558
-6 - BB7
-8. 6BB

-1.410
-4.913
-4.970
-6. 803
-5.754
-7.360

-0.245
1.133
1.133

-0.245
r.. 133
1.328

1.072e-005
1.574e-007
3.419e-007
4.323e-010
1.5'7 6e-0L2
'l .L50e-022

-6.L02
-6. 558
-7 .290

-1-O - 692
-12.935
-22.47 4

-4 .97 0
-6. 803
-6.466
-9.364

-11. 803
-21.L46

1.133
-0.245
0.824
1.328
1. 133
1".328

7
2
5
2
1
3
7
2

0.000e+000
0.000e+000

1.076e-007
1 . 07 6e-007
1.383e-013
5.222e-01"6

1.368e-007
1.298e-007
4 .868e-009
2. 051e-009
8.395e-011
3.510e-014

0. 000e+000
0. 000e+000
0.000e+000
0.000e+000

4.024e-006
2.072e-006

1".066e-013
1.066e-013

5.504e-006
5.504e-006

2.193e+001
2. 081e+001
1.005e+000
1. 150e-001
2 .646e-004
3. 933e-007

1.328e-015
6.639e-015

0. 000e+000
0. 000e+000
0.000e+000
0.000e+000

1. 152e-006
7 . 58 6e-007
3. 933e-007
1. 161-e-013
3. 610e-014
5.222e-0L6
8.175e-018
3.360e-023
0.000e+000

2.223e-00'7 -6.473 -6.653 -0.180

0. 000e+000 -4L.243 -40. 110 1. 133

7.1_
1.8
1.1

-7 .148
-LL.'72't
-13. 954

1. 133
1.328

-0.180

-51.502
-52.384
-59.790

-1.30.127
-1"32.399
-1"34 .695

-51. 954
-s1.251
-58 .462

-0. 453
1. r_33
1.328

1. 133
1..302
1.328
1..328
1. 133

535
328
133
133
328

2.730e-005 -5. 696 -4 .564 1. 133

4.295e-014 -1-2.972 -13.367 -0.395

2.277e-006 -5 .259 -5. 654 -0.395

9.010e-015 -15. 178 -14 . 045 1. 133

.318

.002

. 939

.577

.405

. 8s3

.330

. r.93

.445

.071

-130 .471
-133 - 444
-133. 552

-0.350
-1.045

1. 133

1
1
0

-2
-5

1
0

-0
-3
-6

-13. 4

-a5.2
-17.0
-22.4
-59.7

0
1

1
1
1

2.410e-008
8 .359e-006
L .57 6e-01"2
4. 899e-013
1. 111e-014
1. 739e-016
1.L50e-022
0.000e+000

42
82
87
74
90

-7.618
-5.077

-11.803
-12.310
-13. 954
-15. 760
-21.L46
-58.462

-1. 4 98
1-328
1. 133
1. 133
t.328
1-328
L.328
L.328

-6.L20
-6.405

-1,2 -935

----Saturation indice

Phase SI log IAP log I(T

Anhydrite
Aragonj-te
Calcite
cH4 (s)

CaSO4
CaCO3
CaCO3
CH4

-4.35
-8 .31
-8.46
-2.82



coz(E)
Dolomlte
Glpsum
H2(sl
H2o(gl
H2S (s)
Halite
N2 (s)
NH3 (s)
02 {sl
SuIfur

0.t2
-9 -9L

-35. 98
-1.83

-L32.62
-5.37
-1.32

-53. r.r.
-11.19

-101 - 57

*4.9L
-16. 86
-14. s0
-40.11
-0.2L

-133.56
-4.80
-4.s6

-51.25
-14.05
-96.58

-1.41
-15.98
-4.58
-3. 13

1. 63
-0. 95

1. 57
-3 -24

1. 86
-2.86
4.99

ca2
CaMg(Co3) 2
CaSO4:2H2Q
H2
H20
H2S
NaCl
N2
Ntt3
02
s

-3. 50

End of simul-ation.

Reading input data for simulation 2.

End of run.



Run 3 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\mix 10-90rain NaOH + calcite Gw.pqi
' Output file: C:\Documents and Settings\Jennifer\My Documents\BAsF-Hannibal- MO\PHREEO
\010510\rain\nix 10-90rain NaOH + calcite GW.pqo
Database file: C:\Program Files\USGS\Phreegc fnteractive 2.15.0\phreeqc.dat

Readi-ng data base.

SOLUT ION_MASTER_S PEC I ES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE 

_MASTER-S 
PEC I ES

SURFACE SPECIES
RATES
END

Reading input data for simulation l-.

DATABASE C: \Program Files\USGS\Phreeqc lnteractive 2.L5. 0\phreeqc.dat
MIX 1

1 0.1
2 0.9

SOTUTION 1
temp 25
pH 10.088
pe 8.273
redox pe
units nmol/kqrw

1
1.51-5
1. 115e-007
3. 35e-008
1.074e-008
1.365e-008
5. 493e-007
24.07
1. 149e-007

1*kg

pe

1
0. 003961
0.001789

1#ks
Beginning of initial solution cal-culations.

fnitial solution 1.

--Solution composition------

Elements MolaIity Moles

density
c
Ca
c1
K
Mg
N(s)
Na
s(6)
water

SOTUTION 2
temp
pH
pe
redox
units
density
c
Ca
water

20
7.30L
-1 .84L

kqiwL/nmo

c
Ca
c1
K

1.516e-003
1.115e:010
3.360e-011
1. 074e-011

1.516e-003
1.. 115e-010
3.360e-01,1
1. 074e-011



Mg
N (s)
Na
s (6)

oH-
H+
H20

c(-4)
CH4

c (4)
HCO3-
co3-2
NaCO3-
NaHCO3
co2
CaCo3
MgCo3
CaHCO3+
MgHCO3+

Ca
ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Mq+2
MgtCO3
MgOH+
MqHCO3+
MgSO4

N (s)
NO3-

Na
Na+
NaCO3-

1.365e-011
5. 4 93e-010
2 .407 e-OQ2
1. 149e-010

1.383e-004
9.042e-011-
5.551e+001

0. 000e+000
0. 000e+000

1.516e-003
7.407e-004
5 - 981e-004

.692e-004

.882e-005

.2LLe-007

.192e-0L'J-

.48'l e-012
- 743e-013
. 993e-014

1. 116e-01

3 - 360e-01-1
3. 360e-011

2.677 e-040
1.339e-040

1.074e-011
1.074e-011
4 . O29e-016
5.070e-021

1- 365e-01-1
1.076e-011
2 .487 e-0L2
3.443e-013
5. 993e-014
l-. 083e-019

5. 493e-010
5.493e-010

2.407e-O02
2.389e-002
1 -692e-004

= 10. 088
: 8.273
: 1. 000
: 1. 36'le-002

1. 000e+000
: 2.423e-003
= 1.516e-003

25. 000
= 2.165e-002

82. 83
-E: 1 - 110133e+002
:5.551090e+001

Log
Molality

1.365e-011
5 . 4 93e-010
2 .407 e-002
1. 149e-01-0

-Description of solution--

pH
pe

Activity of water
Ioni-c strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 100* (Cat- I An I ) / (Cat+ | An | )

fterations
Total H
Total O

Species Molality Activity

-Distribution of species---

0.000e+000 -L29 -4L4 -129. 41-3 0-001

L.225e-O04
8.166e-011
9.996e-001

6.6'L2e-004
3 . 7 97e-004
1.504e-004
7. 907e-005
1 . 2 15e-007
3.202e-0ll
2 .495e-012
4.234e-0L3
5.326e-014

9.522e-0L2
4.041e-016
4 .506e-021

-3.912
-10-088
-0.000

-0.052
-0.044

0. 000

-3. 859
-10.044

L.7 44

-3. 130
-3.223
-3.772
-5. 103
-6.977

-L0 .496
-').L.604
-L2.324
-1_3 -222

-10. 969
-15. 395
-20.295

-1.622
-3.772

-0-049
-0.197
-0.051

Log
Activity

-3. 180
-3.421
-3.823
-5.L02
-6 .91.6

-10.495
-r.1. 603
-1.2.373
-L3.27 4

-L.672
-3.823

Log
Gamma

1
7
1-

3
2
4

5
0
7

3
4

1

6
3

.001

.001

.001

. 001

.049

.051

.910e-011

.192e-011

.743e-013

.147e-013

.'123e-019

.630e-028

5.019e-01-1
3 -202e-lLl
4.234e-013
1.020e-013
6.7 44e-019
3.226e-028

-10. 102
-L0 .496
-L2.324
-12.940
-L8.L'|2
-27.440

-t0.299
-10. 4 95
-1_2.373
-1.2.992
-18.171
-27.49L

-0. 198
0.001

-0. 04 9
-0. 051

0. 001
-0. 051

U

0
0
0

-0
-0

-0.
0.

-0.
-0.

0.

2-979e-01-t -10.47 4 -L0.526 -0.052

1 - 343e-040 -39. 873 -39.872 0. 001

-LL.021-
-15.393
-20 -346

-0. 052
0. 001

-0. 051

-10. 968
-11. 604
-12.453
-13.222
-18 - 965

-11.L62
-11. 503
-t2.51-4
-L3.27 4

-18.964

t94
001
051
051
001

-9.260 -9.31-4 -0. 053

5.884e-012
2.495e-O'J-2
3.060e-013
5.326e-014
1. 087e-019

4. 858e-010

2.126e-002
1.504e-004

-0. 051
-0. 051



NaHCO3
NaOH
NaSO4-

o(0)
o2

s(6)
soq-2
NaSO4-
CaSO4
HSO4-
M9SO4
KSO4-
CaHSO4+

7.882e-006
1.714e-006
8.076e-012

4.606e-013
2.303e-013

1.149e-010
1. 068e-010
I .07 6e-0L2
5.'723e-019
6.016e-019
1. 083e-019
5.070e-021
3. 630e-028

-16. 11
-5.38
-5 -24

-126.55
-5.45

-1-L.2L
-15. 89
-36.72
-1.51

-13. 78
-9.74

-5. 103
-5 -166

-11.093

.001

.001

.051

7. 907e*006
1. 720e-006
7.177e-0L2

2.31-0e-013

6. 735e-011
7 .L17e-072
6 -7 44e-019
5.347e-019
1. 087e-019
4.506e-021
3.226e-028

-5.102
-5.765

-1_1_ -L44

0
0

-0

-12-638 -L2.636 0.001

-9.977
-11.093
-L8 -1-72
-L8.22L
-18.965
-20 -295
-27.440

-10.1-12
-1_L.744
-18.171
-L8.272
-18.964
-20.346
-2'7 .49L

-0.200
-0. 051

0. 001
-0.051
0.001

-0. 051
-0 - 051

---Saturation indi-ces---------

Phase SI 1og IAP 1og KT

Anhydrite
Aragonite
Calcite
cH4 (s)
Co2 (gl
Dolomite
Gypsum
H2(g)
H2o(gl
Hali-te
02 (sl

-20 .47
-L3.12
-L3.72

-L29 .41-
-6.92

-28.30
-20 .47
-39. 87
-0.00

-12.20
-1-2 .64

-4.36
-8.34
-8.48
-2.86
-]-.47

-r_7.09
-4.58
-3. 15
1.51
1.58

-2.89

CaSO4
CaCO3
CaCO3
CH4
co2
CaMg (Co3 ) 2
CaSO4:,2H2O
H2
H20
NaCl
o2

7-301
: -1.841: 1.000
: 5.444e-006
: 1.000e+000
: 3.626e-006
: 3. 961e-006
: 20. 000
: -4.751e-008: -0.65

3

Initial solution 2.

--So1ution compos ition---------

Elements MoIality Moles

3. 961e-005 3. 951e-006
1.789e-006 1.789e-006

-Description of solution--

C

Ca

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Total alkalinity (eq/kq)

Total CO2 (mo]/kg)
Temperature (deg C)

Electrical bal-ance (eq)
Percent error, 100* (Cat- I An I ) / (Cat+ I An | )

Iterations
Total H

Total O

Species

:1
:5

.110124e+002

.550623e+001

Log
Molality

Log
Aetivi-ty

-Distributi-on of species---

Log
Garnma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-

l-.058e-02

Molality

361e-00?
014e-008
551e+001

058e-025
3. 951e-006

3.533e-006

-6.865
-7 .300

1-.7 44

-6.867
-7 .301
-0. 000

-0. 001
-0. 001

0. 000

1

5
5
5
l_

Activity

1. 358e-007
5. 000e-008
1. 000e+000

1. 058e-025 -24.975 -24.9'15 0. 000

3.524e-006 -5 .452 -5.453 -0. 001-



co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
o2

4.245e-007
3. 000e-009
7 .328e-0ll
8. 056e-012

1.789e-006
1.789e-006
7 .328e-0LL
8.056e-012
5. 889e-012

1.791e-014
8.953e-015

0.000e+000
0 - 000e+000

4.245e*001
2. 968e-009
7.309e-011
8.055e-012

1.770e-006
7.309e-011
8. 056e-012
5.873e-012

8.953e-015

0. 000e+000

-8.31
-8. 45
-2.82
-1.4L
-3. 13
1.64

-2.85

-6.372
-8.523

-10. 135
-11. 094

-6.372
-8.528

-10. 136
-11.094

-5.752
-10. 136
-LL.094
-Ll.23).

0.000
-0. 00s
-0. 001
0.000

-5.7 47
-10. 135
-L1.094
-1_t.230

-0.005
-0.001
0. 000

-0. 001

-L4.048 -L4.048 0. 000

-65.925 -65.92s 0. 000

Saturation i-ndices---

f,hase SI 1og IAP 1og KT

Aragonite
Calcite
cHa (g)
co2 (s)
H2{s)
H2o(s)
02 (s)

-5.97
-s. 83

-22.L6
-4.97

-L0.92
-L.64

-63 -O't

-L4.28
-t4.28
-24.98

-5.37
-14.05
-0.00

-65 - 93

CaC03
CaCO3
cH4
co2
H2
H20
02

Beginning of batch-reaction calculations.

Reaction step 1.

Usinq mix 1

Mixture 1.

1.000e-001 Solution 1
9-000e-001 Solution 2

--Solution composition---------

Elements Molality Moles

C
Ca
c1
K
Mg
N
Na
s

1. 552e-004
1. 610e-006
3.360e-012
!.07 4e-0L2
1.355e-012
5. 493e-011
2. 407e-003
1. 149e-011

l-.552e-004
1. 610e-006
3.360e-012
1- -07 4e-072
1.365e*012
5.493e-011
2 - 407e-OO3
1. 1-49e-011

-Description of sofution--

pH
pe

Activity of water
fonic strength

Mass of water (kg)
rotar i:HlT#',#irl;l

Temperature (deg C)
Electrical balance (eq)

Pereent error, 100* (Cat-lAnl ) /(Cat+lAnl )

Iterattons
Total H
Total O

9.839 Charge balance
8,649 Adjusted to redox equilibri-um
1.000

1.356e-003
l-.O0.0e+000
2 .456e-004
l-.552e-004
2o.5oo
2.l-65e-003
81.60
20
. L10125e+002
.550570e+001-

_1



-Distribution of species---

Molality Activity

4.875e-005
L.449e-010
1.000e+000

L.109e-004
3 - 260e-005
1. 113e-006
l-. 440e-007
5. 606e-008
3.841e-008
1.719e-009
3.242e-0L4
1" - 423e-01-5

1 - 311e-005
6. 606e-008
1.719e-009
1 - 501e-009
2.423e*01.5
L.949e-024

1. 031e-012
2.466e-017
6.465e-023

L.t17 e-0L2
3 -242e-01-4
1. 853e-014
1.423e-015
2.251e-021-

0. 000e+000
0 - 000e+000
0. 000e+000

2.309e-003
1. 113e-005
1.440e-007
1. 053e-007
1. 087e-013

0. 000e+000
0. 000e+000
0. 000e+000

9 .669e-OL2
1. 087e-013

Loq Log
MolaIity Activity

-4 -294 -4.3L2
-9.822 -9.839
L.'144 -0. 000

oH-
H+
H20

c (-4)
CH4

c(4)
HCO3-
co3-2
NaCO3-
NaHCO3
CaCO3
co2
CaHCO3+
MgCo3
MgHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

CI
c1-

H (0)
H2

K
K+
KOH
KSO4-

M9
t{g+2
MqCO3
MqOH+
MqHCO3+
MqSO4

N(-3)
NH3
NH4+
NH4SO4-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaCO3-
NaHCO3
NaOH
NaSO4-

o(0)
o2

s (-2)
HS-
H2S
s-2

s(5)
so4-2
NaSO4-

5.081e-005
1.506e-010
5.551e+001

0. 000e+000
0. 000e+000

1. 552e-004
1.154e-004
3. 831e-005
1. 160e-006
1.439e-007
6. 604e-008
3.840e-008
1.790e-009
3 .241e-01"4
1.483e-015

1. 510e-006
1. 54 1e-00 6
6. 604e-008
1. 790e-009
1.564e-009
2.422e-0L5
2.031e-024

3.360e-012
3. 360e-0L2

0.000e+000
0. 000e+000

L.07 4e-01.2
L.07 4e-01,2
2 .465e-01'l
6.736e-023

1.365e-012
L.312e-012
3.24Le-0L4
1. 930e-014
1.483e-015
2.250e-021

0. 000e+000
0.000e+000
0. 000e+000
0.000e+000

5. 995e-015
2. 998e-015

6. ?04e-019
6.704e-019

5.492e-011
5 .492e-lTl

2.407e-003
2 .406e-003
1. 160e*006
1. 439e-007
1.053e-007
1. 133e-013

4.537e-014
2.268e-01.4

0. 000e+000
0. 000e+000
0. 000e+000
0. 000e+000

1. l-49e-011
1. 137e-011
1. 133e-013

Species
Log

Gamma

0. 000e+000 -130.308 -130.308 0. 000

-3. 938
-4.41"7
-5. 936
-6.842
-7.180
-'l - 415
-8 .7 47

-1_3 .489
-14.829

-5.8L2
-7 .180
-8 .7 47
-8.806

-74.6]-6
-23 .692

-56.223
-56. 660
-66. 565

-134.410
-137 .264
-L37 .572

-3. 955
-4.48'7
-5. 953
-6.842
-7. 180
-7.4L6
-8.7 65

-13.489
-L4.847

-0. 018
-0. 017

0. 000

-0. 018
0.000

-0.070

-0. 018
-0.070
-0.018

0. 000
0. 000
0. 000

-0.018
0. 000

-0. 018

-5. 883
-7.180
-8.765
-8.824

-L4.6L6
-23 -'1LO

-0.070
0. 000

-0.0L8
-0. 018

0. 000
-0 - 018

3.224e-0L2 -LL.474 -lL.492 -0.018

0. 000e+000 -40. 105 -40. 105 0. 000

-7t.969 -11. 987
-16.608 -16- 608
-22.L72 -22.189

-LL.882
-13. 489
-13.7L4
-14.829
-20 .648

-0.018
0-000

-0. 018

-').L.952
-13. 489
-13.732
-1_4.847
-20 .648

-0.070
0. 000

-0. 018
-0. 018
0-000

0. 000
-0.018
-0. 0L8

2. 999e-015 -14.523 -14.523 0. 000

6.432e-0L9 -aB.l7 4 -18.]-92 -0.018

5.269e-07L -]-0.260 -L0.278 -0.018

-56.223
-56.678
-66.582

-r34 .428
-'t37.254
-]-37 .643

-2 - 619
-5. 936
-6.842
-6.978

-72 .946

-2 .636
-5. 953
-6.842
-6.978

-1_2 -964

018
018
000
000
018

-0
-0

0
0

-0

2.269e-01,4 -L3 .644 -13 . 644 0.000

-10. 944 -11. 015
-L2.946 -1_2.964

-0.071
-0. 018



CaSO4
HSO4-
MgSo4
KSO4-
CaHSO4+
NH4SO4-

2.422e-0L5
1.289e-019
2.250e-021-
6.736e-023
2.O31e-024
0.000e+000

2 - 423e-0L5
L.237 e-01-9
2.251e-021
6.465e-Q23
L.949e-024
0.000e+000

-L4 - 61_6

-18.908
-20.648
-22.L89
-23.710
-66.582

0. 000
-0. 018

0. 000
-0.018
-0.01_8
-0. 018

-14.6L6
-18 .890
-20 .648
-22 -L72
-23.692
-66.555

Saturation indices---

Phase SI 1og IAP }og KT

Anhydrite
Aragonite
Calcite
cHa (g)
co2 (ql
Dolomite
Glpsum
H2(sl
H20(s)
H2S (s)
HaIite
N2 (s)
NH3 (s)
02(sl
Sulfur

-r.2 .55
-2 -06
-1. 91

-L27.49
:6. 00
-9.82

-L2.32
-36.97
-1. 63

-L36.32
-15.70
-lL.28
-58 .09
-10.79

-105.28

-16. 90
-10.37
-10.37

-130.31
-7.42

-26 -8L
-16. 90
-40. l_1

-0.00
-137.25
-14. 13
-L4.52
-56.22
-t3.64

-1.00 -29

-4.35
-8.31
-8 .46
-2.82
-L.4L

-16. 98
-4 .58
-3. r.3

CaSO4
CaCO3
CaCO3
CH4
co2
CaMg (Co3) 2
CaSO4:2H2O
H2
H20
H2S
NaCl
N2
NH3
o2
s

L.
-0.

1.

53
95
57
24
86
86
99

-3.
1.

-.,
4.

End of simulation.

Reading input data for simulation 2.

End of run.



Run 3 continued
Input file: C:\Documents and Settings\,fennifer\My Documents\BASF-Hanni-bal- MO\PHREEQ

\01-0510\rain\10-90\eqb mix 1 with calcite and co2.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\10-90\eqb mix 1 with calcite and co2.pqo
Database file: C:\Program Files\USGS\Phreegc lnteractive 2.L5.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
SUREACE IAASTUN SPECIES
SURFACE SPECIES
RATES
END

Readj-ng input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreeqc fnteractive 2. 15. 0\phreeqc.dat
EQUILIBRIUM-PHASES 1

Co2 (s) -2 L0
Calcite 0 10

SOLUTION 1

temP
pH
pe
redox
units
density
C

Ca
c1
K
Mg
N (s)
Na
s(6)
water

20
9.839
8 .649

kgwmmoL
Pe

.0001s52

. 6l-e-006

.36e-01.2

.07 4e-0L2

.365e-012

.492e-0Ll

.002407

.149e-011
#ks

1
0
1

3
1
1
5
0
1

1

Beginning of initial solution calculations.

Initial solution 1.

--Solution composition---------

Elements MolaIity MoIes

Ca
cl
K
M9r

N (s)
Na
s(6)

1.552e-007
1. 610e-009
3.360e-015
1.074e-015
1.365e-015
5.492e-014
2.407e-O06
1. l-49e-014

1.552e-007
1.610e-009
3 .360e-015
l-.074e-015
1.365e-015
5.492e-014
2 .447 e-006
1. 149e-014

--Description of solution--

pH
pe

Activity of water

9. 839
8.649
1". 000



Percent error,

Species

fonj-c strength
Mass of water (kS)

Total alkalinity (eq/kgl
Total CO2 (mol/kg)

Temperature (deg C)
Electrical bafance (eq)

169* (Cat- lAnl 1 7 (Cat+ lAn | )
fterations

Total H

Total O

Molality Activity

31

L0L25e+002
550626e+001

Log Log
Molality Activity

-6.924
-'t .46L

-10.381
-LL.923
-12 .7 95
-13. 079
-l-4.559
-19. 396
-20.'7 46

-8 .7 94
-1_1.7 42
-13.079
-1_4 .657
-20 .47 4

-29.568

-8.804
-LL.7 45
-13.079
-14.659
-20 .47 4

-29 - 571-

-L4.959 -L4.972
-19.593 -19. 593
-28.710 -2B.LL3

= 2.490e-005
= 1.000e+000
: 4.732e-005
= 1.552e-007
: 20.000
= -4-491e-005
=-9
_1

_c

0
3
1

-Distribution of species---

Log
Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co3-2
co2
NaCO3-
NaHCO3
CaCO3
CaHCO3+
MqiCO3
MqHCO3+

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+
CaSO4
CaHSO4+

c1
c1-

H(0)
H2

K
K+
KOH
KSO4-

M9r

I'Ilg+2
MgOH+
MgCo3
MgHCO3+
MgtSO4

N (s)
NO3-

Na
Na+
NAOH
NaCO3-
NaHCO3
NaSO4-

o (0)
o2

s(5)
so4-2
NaSO4-
CaSO4
HSO4-

- 7 13e-005
.457e-010
.551e+001

0. 000e+00

1.552e-007
1.197e-007
3 . 54 1e-008
4.155e-011
1.200e-012
1. 602e-01-3
8.342e-014
2.205e-015
4 .01-^l e-020
1.805e-021

1. 610e-009

3.360e-01

. 608e-009

. 8 1 1e-012

.342e-014

.205e-015

.357 e-02'J-

.701e-030

.360e-015
0. 000e+000

0.000e+000
1.074e-015

07 4e-015
556e-020
754e-429

1.365e-01
.344e-015
.092e-017
.017e-020
.805e-021
.033e-02'l

5 .492e-0L4
5.492e-014

2.407 e-005
2.407e-006
1. 091e-010
t.2O0e-0L2
1. 602e-013
1.312e-019

3.075e-014
1.538e-01-4

1.149e-014
1 . 14 9e-014
1.312e-01-9
3.35'le-02L
L.430e-022

1.l-91e-007
3. 461e-008
4.155e-011
1. 193e-012
1. 602e-013
8.342e-0L4
2.1,93e-015
4 .017 e-020
1.794e-021-

L.5'12e-009
1 . 8 00e-012
8.342e-0t4
2. 193e-015
3.357e-021
2. 585e-030

1. 068e-015
2.556e-020
7 .709e-029

1.313e-015
2.080e-017
4.017e-020
1.'194e-02'J,
3. 033e-027

2.393e-006
1.091e-010
1-.193e-012
1. 602e-013
l-.304e-019

1. 123e-014
l-.304e-01-9
3 . 357e-02 1
1.42Le-022

4

1
5
0
0

-4.327 -4.329
-9. 837 -9. 839
L-744 -0-000

-0.003
-0.002
0-000

4.686e-005
1.449e-010
1.000e+000

. 000e+000 0. 000e+000 -L33.209 -133.209 0. 000

-6 .922
-1.451

-10.381
-LL.92L
-L2.'195
-13.079
-L4 .657
-19.396
-20.7 44

.002

.010

.000

.003

.000

.000

.002

.000

.003

-0
-0

0

-0
0
0

-0
0

-0

1

t"

8
2
3
2
5
3

-0.010
-0.003

0. 000
-0.002
0. 000

-0. 003

3.341e-015 -L4-474 -1-4-476 -0.003

0.000e+000 -40. 104 -40. 104 0.000

1

2
't

5
1

2
4

1
3

5. 460e-014 *1-3.260 -1.3.263 -0.003

-0. 003
0.000

-0.003

-L4.8'72
-16.680
-L9.396
-20 .'144
-25.518

-L4.882
-L6.682
-19.396
-20.7 46
-26.5]-8

-0. 010
-0. 003

0. 000
-0. 003
0.000

-5. 619
-9 .962

-Ll.921
-t2 .7 95
-18.882

-5.621
-9.962

-LL.923
-t2 .7 9s
-18.885

-0. 003
0-000

-0.003
0. 000

-0.003

1.538e-014 -13.813 -13.813 0. 000

-0
-0

0

-0

-13. 940
-18.882
-20 .47 4

-2L.845

-13. 950
-18.885
-20 .47 4

-21_.847

010
003
000
003



MgSO4
KSO4-
CaHSO4+

3.033e-027 3.033e-027 -26.518 -26.518 0.000
7 .754e-029 7 .709e-029 -28.1-1"0 -28 .713 -0.003
2.701e-030 2. 685e-030 -29 .568 -29.5"1L -0. 003

---Saturation indices---------

Phase SI log IAP log KT

Anhydrite
Aragonite
Calcite
cH4 (s)
co2 {g)
Dolomite
Glpsum
H2ls)
H20(g)
Halite
02(s)

-18.41
-'t -96
-7. 81

-r.30. 39
-8.97

-2L.63
-L8.L7
-36. 98

-]-.64
-21.6',t
-10. 96

-22.75
-L6.26
-L6.26

-L33.2t
-10.38
-38. 6r.
-22.75
-40.10
-0.00

-20.10
-13-81

-4.34
-8.31
-8.45
-2.82
-L.41

-16.97
-4 .58
-3. 13

1".64
L. 57

-2.85

SI 1og IAP log I(T

0. 00 -8 . 45 -8.45 1.000e+001
-2.00 -3.41- -1.41 1.000e+001

CaS04
CaCO3
CaCO3
cH4
co2
CaMq(CO3) 2
CaSO4:2H2O
H2
H20
NaCl
02

Moles in assemblage
Initial Ei-na1 Delta

9. 998e+000 -1.773e-003
9. 998e+000 -2.202e'003

Beginning of batch-reaction calculations.

Reaction step 1.

Using solution 1.
Using pure phase assemblage 1.

----Phase assemblage

Phase

Calcite
co2lsl

---So1ution composition------

Elements MoIality Moles

c
Ca
C1
K
M9
N
Na
s

3. 976e-003
1.773e-003
3. 360e-015
1. 074e-015
1.365e-015
5 .492e-014
2 .407 e-006
1 - 149e-014

3. 975e-003
1.773e-003
3.360e-015
1 - 074e-015
1 .365e-015
5 .492e-0L4
2 .407 e-006
1.149e-014

--Description of solution--

Percent error,

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eSlkg)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (eq)
100* (cat- lAnl ) / (cat+ lAn I )

. fterations
Total H
Total O

= 7.303 Charge balance
11.197 Adjusted to redox equilibrium

r.. 000
= 5.226e-003
= 1.000e+000

3.593e-003: 3. 976e-003
= 20.000
= -4.491e-005

-0 .54
= 11: l.7LO1-25e+002
= 5.551599e+001

--Distribution of species--------



Species Molality Activity
Log

MoIality
Loq

Activity

-2.486
-3.407
-4.31_2
-5.268
-5.558
-8.388

-10. 051
-16. 433
-17. 618

-2.895
-4 -3t2
-5.268
-8.3'12

-14 - 758
-21".3L9

-15. 003
-22.L59
-28 -336

-15. 007

Log
Gamma

-0.032
0.001

-0.032
0.001

-0. 130
0. 001

-0. 033
-0. 033

0. 001

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co2
CaHCO3+
CaCO3
co3-2
NaHCO3
NaCO3-
MqHCO3+
MgCo3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

CI
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
tqg+2
MgHCO3+
MgCO3
MgOH+
MgSo4

N (-3)
NH4+
NH3
NH4SO4-

N(0)
N2

N(3)
NO2-

N (s)
NO3-

Na
Na+
NaHCO3
NaCO3-
NaOH
NaSO4-

o(0)
o2

s(-2)
HS-
H2S
s-2

s(6)
so4-2
CaSO4
NaSO4-
HSO4-

1.475e-007
5.331e-008
5.551e+001

0. 000e+000
0. 000e+000

3. 976e-003
3.522e-003
3. 914e-004
5.252e-005
5.394e-006
3.730e-006
4.090e-009
9.589e-011
3.988e-017
2 .406e-lLB

1.773e-003
1. 715e-003
5.252e-005
5.394e-006
4 .582e-009
1.'144e-01"5
5 .L'7 6e-022

3. 350e-015
3. 360e-015

0. 000e+000
0. 000e+000

1.074e-015
1. 074e-015
6.9L9e-023
4 .97 6e-029

1. 365e-015
1.323e-015
3. 988e-017
2 .406e-018
4.9Ole-020
L .459e-027

0. 000e+000
0. 000e+000
0. 000e+000
0. 000e+000

l- . 165e-01-5
5. 823e-016

7 -030e-022
7 .Q30e-022

5.376e-014
5.376e-014

2.407e-006

1.365e-007
4.974e-008
9.999e-001

0. 000e+000

3.269e-003
3.91-9e-004
4.875e-005
5.401e-006
2.768e-006
4 .095e-009
8.882e-01-1
3 .694e-017
2.408e-018

L.272e-003
4.875e-005
5. 401e-006
4.244e-009
1.746e-015
4.194e-022

3.110e-015

0.000e+000

9.940e-016
6.928e-023
4.609e-029

9. 846e-016
3 .594e-0L7
2 .408e-018
4.540e-020
L.460e-02'l

-6.831
-7.273

L.7 44

-6.865
-7.303
-0. 000

-0.034
-0. 030

0. 000

-L26.333 -L26.332 0. 001

-2 .453
-3.40't
-4.280
-5.268
-5.428
-8.388

-10. 018
-16. 399
-t7.6t9

-L4.47 4 -14 .507 -0. 034

-40.1"29 -40.L29 0.001

-2.7 66
-4.280
-5.268
-8.339

-L4.759
-21,.286

-\4.969
-22.160
-28 - 303

-135. 012
-135.339
-140. 681

-0.130
-0.032
0. 001

-0. 033
0.001

-0. 033

-0.034
0.001

-0. 033

-L4 .87 9

-16. 399
-77.679
-19. 310
-26.836

-L
-1
-1
-2

33
18
43
36

-0.L28
-0. 033

0. 001
-0. 033

0. 001

00e+000
00e+000
00e+000

-5
-5
-6

62
94
96

-54.497
-56. s94
-67 .529

-0. 034
0.001

-0. 033

6.4
7.5
9.3
6.8

4.4
6.5
't .4

0.0
0.0
0.0

5.830e-016 -15.235 -15.234 0.001

6.499e-022 -21.153 -21.L87 -0.034

4 .97 0e-0L4 -]-3 .27 0 -13 . 304 *0. 034

2
4
9
2
8

3.439e-014
1

0. 000e+000
0
0
0

.403e-006
;090e-009
.589e-011
.954e-013
- 41-5e-O2O

2.227e-006
4.095e-009
8 .882e-011
2.958e-013
7 .795e-O2O

-5.619
-8.388

-10. 018
-12. 530
-19. 07s

-5 .652
-8.388

-10.051
-L2.529
-19. 108

-0.033
0.001

-0. 033
0.001

-0. 033

720e-01,4 L.722e-0L4 -13.755 -13.764 0. 001

1. 149e-014
9.74?e-015
1.744e-015
8 . 4 15e-020
3.384e-020

-0.034
0 - 001"

-0. 131

.000e+000

.000e+000

.000e+000

0. 000e+000
0.000e+000
0.000e+000

7 .212e-01-5
1 - 746e-015
7 -'195e-O2O
3. 135e-020

-135.046
-135.339
-140.812

-14.011
-14.759
-19.075
-L9 - 4'11-

-74.142
-r.4.758
-19.l-08
-t_9.504

-0. t-31
0.001

-0. 033
-0. 033



CaHSO4+
MgSo4
KSO4-
NH4SO4-

5.77 6e-022
1.459e-027
4 .97 6e-029
0. 000e+000

4.794e-022
1.460e-027
4.609e-029
0. 000e+000

-4.34
-8.31
-8.45
-2.82
-L.4t

-16.97
-4.58
-3. L3
7.64

-0.94
1.57

-3.24
1. 87

-2.85
5.00

-2t.286
-26.836
-28.303
-67 .496

-2L.319
-26.836
-28.335
-67 .529

-0. 033
0.001

-0.033
-0. 033

Phase

turation indices---

SI 1og IAP log KT

Anhydrite
Aragonite
Calcite
cH4 (s)
co2 (ql
Dolomite
Gypsum
H2(s)
H2o (q)
H2S (s)
Halite
N2 (s)
NH3 (s)
02(s)
Sulfur

-L2.69
-0. L5' 0.00

-123.51
-2.00

-12. 05
-]-2 - 46
-37.00
-t.64

-134.40
-2'1".'t3
-1.'t_.99
-58.47
-10. 91

-103.34

-L7 .O4
-8.45
-8. 45

-126.33
-3. 41

-29.02
-77 .O4
-40. 13
-0.00

-135.34
-20.16
-15.23
-56. s9
-13.75
-98.34

CaSO4
CaCo3
CaCO3
CH4
co2
caMq (co3) 2
CaSO4:2H2O
H2
H20
H2S
NaCl
N2
NH3
a2
s

End of simulation

Reading input data for simulation 2.

End of run.



Run 3 continued
Input file: C:\Documents and Settings\.Iennifer\My Documents\BAsF-Hannibal MO\PHREEO

\010510\rain\eqb mi-x 2 10-9Owithmontmorillonite.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\01-0510\rain\eqb mix 2 10-90withmontmorillonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat

Reading data base.

SOLUT ION_MASTER-S PEC IES
SOTUTION_SPECIES
PHASES
EXCHANGE_MASTER_S PEC IES
EXCHANGE_SPECIES
SUREACE_MASTER_S PEC I ES
SURFACE-SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Eiles\USGS\Phreegc Interactive 2.L5. 0\phreeqc.dat
EQUILIBRIUM-PHASES 1

Ca-Montmorillonite 0 10
SOLUTION 1

temp 20
pH 7.313
pe l-1.534

pe
mmol/kgw

.004154

.001865

.L24e-013

.601e-013

.308e-013

.329e-011

.008832

.785e-012
#ks

Beginning of initial solution calculations.

Initial soluti-on 1

--Solution compositio[---:----

Elements MoIality MoIes

redox
units
density
c
Ca
c1
K
Mg
N(s)
Na
s(6)
water

L

0
0
8
2
3
t
0
2

1

c
Ca
c1
K
Mg
N (s)
Na
s (6)

4 .154e-006
1.866e-006
8.124e-016
2. 501e-016
3.308e-016
1..329e-0L4
8.832e-006
2. 785e-015

4.154e-006
1..856e-006
8.124e-0!6
2.501e-016
3.308e-015
1.329e-014
8.832e-006
2 .785e-015

--------Description of solut

pH
pe

Activity of water
fonic strength

= 7.313
= 11.534

1.000
l-.011e-005



Percent error,

Mass of water (kg)
rotal alkalinity (eqlkg)

Total CO2 (mol/kq)
Temperature (deg C)

Electrical balance (eq)
100* (Cat- lAnl ) / (Cat+ lAn | )

Iterations
Total H
Total O

1. 401e-007
4.882e-008
5. 551e+001

0.000e+000
0

4.154e-006
3
4

3
8
1

9
4

1
9

1.856e-006
1_

8

9
5
9

.717e-006

.339e-007

.254e-009

.009e-011

.832e-011

.042e-012

.080e-013

.390e-020

.235e-022

.855e-006

.009e-011

.042e-0L2

.297 e-012

.597e-019

.587e-025

.124e-016

1.396e-007
4.864e-008
1 - 000e+000

3.703e-006
4.339e-007
3.206e-009
7.980e-011
1. 832e-011
9.042e-0L2
4 .065e-013
1.385e-020
9.235e-022

1.839e-005
7. 980e-011
9.042e-0L2
6.273e-012
9.597e-019
2.577 e-025

2.59]-e-016
1-.847e-023
4.571e-030

3.259e-015
1 -537 e-020
1. 385e-020
9.235e-022
1.839e-028

8. 800e-006
1- 832e-011-
1. 195e-012
4. 065e-013
1-.l-71e-019

2.7 43e-015
9.59?e-019
l-.171e-0L9
1.166e-020
2 -577 e-025

1. 000e+000
3.815e-006
4. 154e-006
20. 000
8 . 74 9e-006
53. 10

3
.L),0L24e+002
.550623e+001

-5. 430
-6.353
-8.488

-10.096
-r.0.737
-Ll.044
-L2.389
-19. 857
-21.035

-5.729
-10. 096
-11.044
-11-.201
-18 .01_8
-24.587

-s. 431
-6.363
-8 - 494

-10.098
-1-0 .'7 3'1

-L7.044
-L2.39L
-19 - 859
-21.035

-0. 002
0. 000

-0 - 006
-0.002
0.000
0.000

-0.002
-0.002

0. 000

-5. 735
-10. 098
-]-]-.044
-1]-.202
-18.018
-24 -sB9

-0.006
-0. 002

0.000
-0. 002

0. 000
-0. 002

_1_I

-t

-Distribution of species---

Species Molality Activity
Log Log Log

Molality Activity Garuna

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
MgHCO3+
MgCo3

Ca
Ca+2
CaHCo3+
CaCO3
CaOH+
CaSO4
CaHS04+

C1
cr-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Itjq+2
MgOH+
MgHCO3+
MgCo3
MgSo4

N (s)
NO3-

Na
Na+
NaHCO3
NAOH
NaCO3-
NaSO4-

o(0)
o2

s(6)
so4-2
CaSO4
NaSO4-
HSO4-
CaHSO4+

-6. 854 -6. 855 -0.002
-7.311 -7.313 -0.002

1,.7 44 -0. 000 0.000

000e+000 0.000e+000 -132.062 -L32.062 0. 000

8.L24e-01"
2
6
I

0. 000e+000
0. 000e+000

2. 601e-016
2.601.e-016
L.847 e-023
4 .588e-030

3.308e-016
3.308e-016
1.543e-020
1. 390e-020
9.235e-022
1. 839e-028

1.329e-0L4
L.329e-0L4

8 .832e-006
8. 832e-006
1. 832e-011
1. 195e-012
4.080e-013
1.176e-019

I .393e-013
4.196e-013

2.785e-015
2.784e-01-5
9. 597e-01-9
1. 176e-019
1.170e-020
2 -587 e-025

-15.58s -15.586 -0.002
-22.733 -22.733 0.000
-29.338 *29.340 -0.002

-14.555
-18.018
-L8. 930
-L9.932
-24.587

-15.480
-19 -8L2
-19. 857
-21.035
-27 -735

-15.487
-19. 813
-19. 859
-21. 035
-27 .735

-0 - 006
-0.002
-0.002
0.000
0.000

-5.054
-10. ?37
-1L.923
-'t 2.389
-18. 930

-5. 056
-10. 737
-LL.923
-t2.39L
-18. 93r_

8.094e-016 -15.090 -L5.092 -0.002

0.000e+000 -40.822 -40.822 0. 000

7 -324e-014 -13. 875 -13. 878 -0.0O2

002
000
000
002
002

-0.
0.
0.

-0.
-0.

4. 196e-013 -L2.377 -1,2.377 0.000

-14.562
-18.018
-18.931
-r_9.933
-24.589

-0.006
0. 000

-0. 002
-0. 002
-0.002



MgSo4
KSO4-

1.839e-028 1.839e-028 -27.735 -27.735 0.000
4 - 588e-030 4 .571e-030 -29 .338 -29.340 -0.002

---Saturation indices---------

Phase SI 1og IAP log KT

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eS/kS)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 1gg* (Cat-lAnl ) /(cat+lAnl )

Iterations
Total H
Total O

CaSO4
CaCO3
CaCO3
cH4
co2
CaMg(CO3) 2
CaSO4:.2H2Q
H2
H20
NaCl
02

Moles in assemblage
Initial Final Delta

6.617 Charge balance
L2.232 Adjusted to redox equilibrium
1. 000

l-.255e-005
1.000e+000
1.890e-005
4.154e-0O6
20. 000
8.749e-006
42.54

9
L.Lt0724e+002
5.550625e+001

Anhydrite
Aragonite
Calcite
CH4 (g)
coz (sl
Dolomite
Glpsum
H2(s)
H20(sl
Halite
02 (s)

-15. 95
-5.92
-5.78

-L29.24
-4.96

-2L.24
-L5.72
-37.59
-7.64

-21- -72
-9 -52

-20.30
-L4.23
-14.23

-L32.06
-6.36

-38.21
-20.30
-40.82
-0.00

-20.7s
-L2.38

-4.34
-8.31
-8.45
-2.82
-t-.41-

-1_6 .97
-4 .58
-3. 13
L.64
1.57

-2.85

Beginning of batch-reaction calculations.

Reaction step 1

Using solution 1.
Using pure phase assemblage 1.

----Phase assemblage

Phase SI log IAP log KT

Ca-Montmorillonite 0.00 -45.76 -45.76 1.000e+001 1.000e+001 -2.061e-006

--Solution conposition---------

Efements MolaliLY Mo1es

A1
C

Ca
C1
K
Mg
N
Na
s
si

4. 802e-006
4. 154e-006
2.206e-006
8 -124e-016
2.601e-015
3.308e-016
1.329e-0L4
8.832e-006
2. 785e-015
7.563e-006

4.802e-Q06
4. 154e-006
2.205e-006
8.124e-016
2 .601e-016
3.308e-015
1.329e-014
B . B32e-006
2.785e-015
7.563e-006

-Description of solution--

-Distribution of species---



Species Molality Activity
Log Log

MoIaIity Activity

-6 . 615 -6.617
-7.550 -7.5s1
t.'t 44 -0.000

-5.654
-10. 1?7
-11. 819
-1.t.827
-L7 .947
-23.821

-15.585
-23.430
-29.339

-15.587
-23 .430
-29.341

-15.488

Log
Ganuna

H+
oH-
H20

A1
A1(OH) 4-
A1 (OH) 2+
Al (oH) 3
A10H+2
AI+3
AISO4+
AlHSO4+2
At (so4) 2-

c(-4)
CH4

c (4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
MgHCO3+
MgCo3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

c1
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
Mg+2
MgHCO3+
MgOH+
MgCO3
MqSO4

N(-3)
NH4+
NH3
NH4SO4-

N(0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-" NaSO4-

o (0)
a2

2
2
5
6
3
1
4
5
L
l_

2
1

42'le-007
821e-008
551e+001

.246e-006

.061e-006

.405e-007

.195e-008

.792e-009

.406e-020

.928e-O28

.189e-033

17e-007
09e-008
00e+000

3.233e-005
1.057e-006
4.405e-007
5.110e-008
7.727e-009
1.400e-020
2.880e-028
1.184e-033

2.618e-005
'J,.524e-O05
4.563e-010
6. 659e-011
1.295e-011
L. 51-9e-01-2
5.782e-0L4
9.775e-02L
7.3L2e-022

2.L70e-006
6. 659e-01-l-
1.519e-01-2
1- - 490e-012
1. 131e-018
1.509e-024

2.590e-016
3 .7L7 e-O24
4,561e-030

54e-016
7 5e-02L
89e-02 1
t2e-022
33e-028

00e+000
00e+000
00e+000

8.796e-006
L.295e-011
2. 405e-0L3
5.782e-O\4
L. 169e-019

-0.002
-0. 002
0-000

2.4
2.8
1.0

4.802e-00

0.000e+000
0.000e+000

4. 154e-006
2.629e-005
1.524e-006
4. 538e-010
5. 687e-011
1.295e-011
1.5L9e-012
5.806e-014
9.816e-021
1..312e-022

2.206e-006
2.206e-006
6. 687e-011
1.5L9e-012
7.495e-0L2
l-. 131e-018
1.515e-024

8.1,24e-01,6
8. 124e-016

0. 000e+000
0.000e+000

2.601e-016
2. 601e-015
3.71.7 e-024
4.580e-030

3.308e-015
3.308e-016
9.816e-02 1
3.101e-021
L-3'1,2e-022
L.833e-028

0. 000e+000
0.000e+000
0.000e+000
0. 000e+000

6. 446e-019
3.223e-0L9

3.498e-023
3.498e-023

1..329e-0L4
L.329e-0L4

8.832e-006
8 .832e-006
l, . 2 95e-011
2. 405e-013
5.806e-014
1. 174e-019

8 .500e-013
4.250e-013

-5.489
-5.97 4

-5.356
-'t .284
-8 .7 47

-L9.852
-27 .533
-32.925

-5.490
-5 .97 6

-6.356
-7 .292
-8.763

-19.854
-27 .54L
-32.927

-5.580
-5 - 817
-9.334

-10. 175
-10.888
-11.8r_9
-13.235
-20.008
-2t.882

-5.582
-5. 817
-9. 34 1

-10. 177
-10.888
-11. 819
-13.238
-20.010
-2t.882

-0.002
0.000

-0.007
-0.002
0.000
0.000

-0.002
-0.002
0.000

-5.656
-10.175
-11.8i.9
-r.1.825
-L7 .947
-23.820

-0.007
-0.002

0. 000
-0.002
0-000

-0.002

-0. 002
-0. 002
0.000

-0. 007
-0.016
-0.002
-0.007
-0.002

-0 - 002
0.000
0.000

-0.002
-0.002- - .

0. 000e+000 -L3'J..52't -L3L.527 0-000

8.091e-016 -15.090 -1-5.092 -0.002

0.000e+000 -40.82s -40.825 0.000

00
00
00

-0
0

-0

2
0
2

-20.0
-20.5
-2L.8
-27 .7

3.2
9.7
3.0
1.3
1_.8

0.0
0.0
0.0

-15.480
-20.008
-20.508
-21.882
-27 .737

10
10
82
37

-0. 007
-0.002
-0.002

0. 000
0. 000

-0.002
0.000

-0.002

-56.482
-59.267
-69.934

-56. 483
-59.267
-69. 936

3.223e-Ot9 '18.492 -18.492 0.000

3.484e-023 -22.455 -22.458 -0.002

1.323e-014 -13. 876 -13.878 -0.002

-5.054 -5.056
-l_0. 888 -10.888
-12.6L9 -12.6!9
-L3.236 -L3.238
-18.93O *-18;932

4.250e-013 -12.372 -\2.372 0.000



s(-2)
H2S
HS-
s-2

s (6)
soL-2
CaS04
NaSO4-
HSO4_
A1SO4+
CaHSO4+
A1HS04+2
MgSo4
KSO4-
41 (SO4) 2-
NH4SO4-

si
H4SiO4
H3SiO4-
H2SiO4-2

0. 000e+000
0
0
0
5
2
1

1
5
1
1

.000e+000

.000e+000

.000e+000

0. 000e+000
0. 000e+000
0. 000e+000

-L37 .17]",
-137 .563
-144.01-0

-L37 .L7t
-1_37 .564
-1_44.0L7

000
002
007

-0. 007
0. 000

-0. 002
-0.002
-0. 002
-0. 002
-0. 007
0-000

-0.002
-o -oo2
-0. 002

0

-0
-0

2.785e-01
.784e-015
.131e-018
.174e-019
.806e-020
.406e-020
.515e-024

2.928e-028
1.833e-028
4 . 58 0e-030
1 . 18 9e-033
0.000e+000

7.563e-006
7 .559e-006 7.559e-006 -5.722 -5.L22 0. 000
3. 869e-009 3. 854e-009 -8 .41,2 -8.4L4 -O .002
7. 884e-016 7.756e-016 -15. l-03 -15. 110 -0. 007

2.738e-015
1.131e-018
1. 169e-019
5.782e-020
1. 400e-020
L.509e-024
2.880e-028
1. 833e-028
4 .561-e-030
1. 184e-033
0. 000e+000

-14.555
-L7 .947
-18. 930
-L9.236
-!9.852
-23.820
-27 .533
-27.737
-29.339
-32.925
-69.934

-14.562
-t'1.947
-18.932
-19.238
-19 - 8s4
-23.82).
-27 .54L
-27 .737
-29.34L
-32.92't
*69.936

---Saturation indices---------

Phase SI Iog IAP log KT

A1(oH) 3 (a) -0.04
Albite -7.58
Alunite -30.53
Anhydrite -15.88
Anorthite -7.03
Aragonite -6.'10
Ca-Montmorillonite 0
Calci-te -5. 55
cH4 (S) -1.28.71-
Chalcedony -1.51
Chlorite (14A) -74.73
Chrysoti-le -49.84
co2 (q) -4.41
Dolornite -22.85
Gibbsite 2.69
Glpsum -!5.64
Hz(sl -37.70
H2o(g) -1.64
H2s (g) -1_36.23
Ha1ite -2L-72
I11ite -1,0.77
K-feldspar -15.48
K-mica "4.52
Kaolinite 4.06
N2 (s) -1,5.25
NH3 (g) -61,.L4
o2(s) -9.52
Quartz -1.07
Sepiolite -35.77
Sepiolite (d) -38.53
sio2 (a) -2.37
Sulfur -104.48
TaIc -49.23

11.09 11.13 AI (OH) 3
-25.9L -18.33 NaAlSi3O8
-31. 30 -0.77 KAI3 (SO4 ) 2 (OH) 6
-20.23 -4.34 CaSo4
-26.89 -19.86 CaAl2Si2oB
-15.00 -B.31 CaCO3

00 -45.76 -4s.76 CaO.165A12.33si3.67o10 (otll2
-15.00 -8.45 CaCo3

-131.53 -2.82 CH4
-5.12 -3. 51 SiO2
-4.46 70.27 Mg5A12si3o10 (oH) 8

-17.01 32.83 Mg3Si2o5 (oH) 4

-5.82 -1,.41. CO2
-39.83 -L6.97 CaMg(CO3) 2

11. 09 8. 40 A1 (OH) 3
-20.23 -4.58 CaSo4 :2H2O
-40.82 -3.13 H2
-0.00 L.64 H20

-137 .'J.7 -0. 94 H2S
-20.L5 1.57 NaCl
-5L.72 -40.95 K0.6M90.25AL2.3si3.5010(oH)2
-36.44 -20.96 KA1S1308

8.93 13.4s KAl3Si3O10 rcH)2
11. 93 7. 88 Ar2Si2O5 (OH) 4

-18.49 -3.24 N2
-59.2't 1.87 NH3
-L2.37 -2.85 02
-s.12 -4.06 sio2

-19. 87 15. 89 Mg2Si3O7 .5OH:3H2O
-l-9.87 18.66 Mg2S13o7.5OH:3H2o
-5.1_2 -2.75 SiO2

-99.47 5.00 S

-21 .25 21.98 Mg3Si4O10 (oH) 2

End of simulation

Reading input data for simulation 2



End of run



Run 4

fnput file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\01 05 10\rain\25-7 5\25 Srainwater+75ENaOH. pqi

Output file: C:\Documents and Settj-ngs\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ
\0 1 05 1 0\rain\25-7 5\2 5Erainwater+75tNaOH. pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE-SPECIES
SURTACE MASTER SPECIES
SUREACEIPECIES
RATES
END

Readj-ng input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreeqc fnteractive 2. 15. O\phreeqc.dat
EQUILIBRTUM_PHASES 1

co2 (s) -3.s 10
SOLUTION 1 rainwater

tenp 25
pH 5.24
pe4
redox pe
units mq/L
density 1
Ca 0.458
M9 0.034
Na 0.A82
K 0.043
cI 0.1.22
s(6) L.131
N (5) 1.004
N(-3) 0.36
water 1 * kg

SOTUTION 2 NaOH
temp 20
pH '1.4

pe4
redox pe
units runol/kgw
density L
Na 24.9 moJ-/kgvt
water L # kq

MIX 1
L 0.25
2 0.75

Beginning of j-nitial solution calculations.

Initi-al solution 1. rainwater

Elements Molality Moles

Ca
C1
K

1.-L43e-005
3. 441e-006
1. 100e-006

1. 143e-005
3.44Le-006
1.l-00e-006



Mg
N(-3)
N (5)
Na
s (6)

1. 398e-006
2 .570e-005
7.168e-005
3.567e-006
1. 177e-005

1.398e-006
2.570e-005
7. 168e-005
3.567e-006
1.177e-005

5. 754e-006
1.740e-009
l-. 000e+000

1. 088e-005
2.429e-OOB
8.190e-013
3. 137e-013

1.087e-005
8.547e-011
6. 54Be-016

1.331e-005
3.492e-009
8.397e-013

2 .539e-005
3. 662e-009
2.515e-009

3.525e-006
1. 977e-010
4 .047e-015

-Description of solution-

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalinity (eq/kgl

Total carbon (moI/kg)
Total CO2 (moI/kg)

Temperature (deg C)
Electrical balance (eg)

100* (Cat- lAnl ) / (Cat+ lAn | )
Iterations

Total H

Total O

Molality Activity

: 5.240
4.000: 1. 000

1. 047e-004: 1.000e+000
= -5.824e-006

0. 000e+000
0. 000e+000
25. 000

= -3.682e-005
= -22.96

3
= 1.110125e+002
= 5.550648e+001

Percent error,

------Redox couples-

Redox couple pe Eh (vo1ts)

N(-3)/N(s) 8.3903 0.4963

-Distribution of species--

H+
oH-
H20

Ca
Ca+2
CaSO4
CaHS04+
CaOH+

C1
c1-

H (0)
H2

K
K+
KSO4-
KOH

Mq
Nlg+2
MgSo4
MgOH+

N (-3)
NH4+
NH4SO4-
NH3

N (s)
NO3-

Na
Na+
NaSO4-
NaOH

o (0)
02

s (6)

5.822e-006
1. 760e-009
5.551e+001

1. 143e-005
1. 140e-005
2.429e-008
8.288e-013
3. l-74e-013

3 . 44 1e-006
3.441e-006

4.688e-Q22
2.344e-022

1. 100e-006
1. 1-00e-006
8.649e-011
6.547e-016

1.398e-006
1.395e-005
3 .492e-009
8.497e-013

2.570e-005
2.570e-005
3. 705e-009
2 .515e-009

7. 168e-005
7. 168e-005

3.567e-006
3.557e-006
2.001e-010
4.047e-015

0.000e+000
0. 000e+000

1. 1,77e-005

Log Log
Molality Activity

-5.235 -5.240
-8 .754 -8.760
t.7 44 -0. 000

-5.959 -5.964
-10. 063 -10. 068
-l_5. 184 -1s. 184

-5. 855 -5.876
-8 .451 -8 . 457

-L2.O7t -1_2.07 6

-5.448 -5.453
-9.699 -9 -'tO4

-14.393 -14.393

Species
Log

Gamma

-0. 005
-0. 005

0. 000

-4 .943
-7.514

-L2.082
-1,2.498

-4.963
-7.6t4

-12.081
-L2.503

-0.020
0. 000

-0. 00s
-0. 005

3.401e-006 -5.463 -5.468 -0.00s

2.344e-022 -21.630 -2L.630 0. 000

-0. 005
-0. 005

0. 000

-0. 020
0. 000

-0. 005

-4.590
-8.43r.
-8 - 600

-4.595
-8.436
-8. 500

-0. 005
-0. 005

0.000

7.083e-005 -4.1,45 -4.150 -0.005

-0. 005
-0.005

0. 000

0.000e+000 -49.120 -49.120 0.000



so4-2
CaSO4
HSO4-
NH4SO4-
MgSO4
NaSO4-
KSO4-
CaHSO4+

1 - 174e-005
2.429e-008
5. 337e-009
3.705e-009
3.492e-009
2 - 001e-010
8.549e-011
8 .2 I 8e-013

-4.93L
-'7 .6L4
-8.198
-8.431
-8 .45-t
-9.699

-10.063
-L2 -OB2

-4. 951
-7 .6L4
-8.203
-8.436
-8 .451
-9.704

-10. 068
-L2.087

-0.02L
0. 000

-0. 005
-0. 005
0.000

-0. 00s
-0 - 005
-0 - 005

1.119e-005
2.429e-008
6.263e-009
3. 662e-009
3.492e-009
1. 977e-010
8.547e-011
8. 190e-013

---Saturation indices---------

Phase SI log IAP log KT

Elements

Na

Percent error,

Molality Moles

2.490e+001 2.490e+001

CaSO4
CaSO4 z2H2O
H2
H20
NaCI
NH3
o2

l_4. 000
4. 000
o -562

1. 184e+001
1.000e+000

= 2.931e+000
0. 000e+000

= 0. 000e+000: 20.000
= 2.197e+001

92.7 6:6
= 1.139431e+002
= 5 - 843693e+001

Anhydrite
Glpsum
H2(s)
H20(sl
HaIite
NH3 (g)
02 (s)

-5.55
-5.33

-18.48
-1-s1

-12.50
-10.37
-46.23

-9.9).
-9. 91

-21.63
-0-00

-L0.92
-8. 60

-49.12

-4.36
-4 .58
-3. 15

51
58
77
89

1.
1.
1.

-2

Initial solution 2. NaOH

--Solution composition---------

-Description of solution--

-Di-stribution of sPecies--

Species
Log Log Log

Molality Activity Molality Activity Gamma

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkali-nity leq/kgl

Total carbon (mol/kg)
Total CO2 (mol/kg)

Temperature (deg C)
ELectrical balance ("q)

100* (Cat- lAn I ) / (Cat+ 15 I 1

Iterations
Total H

Total O

8.574e-001
1.432e-0L4
5.551e+001

0.000e+000
0.000e+000

2,490e+001
2.283e+001
2.073e+000

7 .L02e-0L8
3.551e-018

-0. 067
-13.844

1-.7 44

-0.418
-14. 000
-0.250

-0. 352
-0. 156

0.000

oH-
H+
H20

H(0)
H2

Na
Na+
NaOH

o (o)
02

3. 816e-001
1. 000e-014
5. 621e-001

8.532e+001
3. 169e+001-

7.447e-04O -40.3L2 -39.L28 1-184

1.358
0. 317

1. 931
1.501

0.573
1.L84

5.427e-0t7 -1?.450 -16.265 1. 184

Phase Sf log fAP log I(T

Hz(s) 36.00 -39.13 -3.13 H2



H2o (g)
02 (s)

-1-89
-13.41

-0.25
-16.27

L.64
-2.85

H2o.
o2

9.993 Charge balance
8.492 Adjusted to redox equilibrium
0. 685

9. 420e+000
1.018e+000
2. 158e+000
1. 156e+000
21.250
1.548e+001
87.12
19
.132105e+002
.005934e+001

-3.953 -4.296 -O.344
-9. 839 -9. 993 -0. 15s
L.744 -0.L64 0.000

-L28.5L7 -L27 -575 o.942

-0. 062 0.987 1 . 049
-0.871 -1. 837 -0. 966
-t.o22 -0.080 0.942

Beginni-ng of batch-reaction calculations.

Reaction step 1

Using mix 1.
Using pure phase assemblage 1

Mixture 1.

2.500e-001 SoLution 1 nainwater
7.500e-001 Solution 2 NaOH

----Phase assemblage---------

Phase SI loq IAP log I(T
' Moles in assemblage

Initial Final Delta

coz (s) -3.50 -4.92 -7.42 1.000e+001 8.822e+000 -l-.178e+000

--Solution composition--------

Elements Molality Moles

c
Ca
C}
K
Mg
N
Na
s

1. 156e+000
2. 805e-005
8 .448e-007
2.700e-O07
3.433e-007
2.391e-005
1. 834e+001
2. 890e-005

1.116e-004
1.449e-0L0
5.551e+001

0. 000e+000
0. 000e+000

1. 156e+000
8. 672e-001
1.345e-001
9.503e-O02

1.178e+000
2. 857e-006
8.603e-007
2.7 49e-007
3 .496e-007
2. 435e-005
1. 858e+001
2 .943e-006

-Descri-ption of solution--

pH
pe

Activj-ty of water
Ionj-c strenEth

Mass of water (kS)
TotaL alkaliniry (eq/kql

?otal CO2 (moI/kq)
Temperature (deg C)

El-ectrical balance ("q)
Percent error, 100* (Cat- lAnl) / (Cat+ lAn | )

Iterations
Total H
Total O

_1
-f
=6

-Distrlbution of speci-es---

Species Molalj-ty Activity
tog Log Log

Molality Activity Ganrna

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
ca3-2
NaHCO3

5.056e-005
1.015e-010
6.850e-001

0.000e+000

9.699e+000
t.454e-002
8 .316e-001



HCO3-
CaCO3
co2
CaHCO3+
MqCo3
MgHCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+
CaSO4
CaHSO4+

CI
cl-

H (o)
H2

K
K+
KOH
KSO4-

Mg
MgCO3
Mq+2
M9HCO3+
MgOH+
MgSO4

N(-3)
NH4+
NH3
NH4SO4-

N(0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaCO3-
NaHCO3
NaOH
NaSO4-

o (0)
02

s(-2)
HS-
s-2
H2S

s(6)
so4-2
NaSO4-
CaSO4
MgSO4
KSO4-
HSO4-
CaHSO4+
NH4SO4-

5.946e-002
2.020e-006
1. 366e-005
5.532e-007
3. 114e-007
7 - 306e-009

2 - 805e-006
2.020e-006
5.532e-007
2.323e'007
7.'166e-0LL
1. 108e-012
4.93Le-022

8.448e-007
8.448e-007

0.000e+000
0. 000e+000

2 .7 00e-007
2.700e-007
4.529e-01-3
6 . 4 66e-015

3 . 4 33e-00?
3. 114e-007
2 .428e-008
7. 306e-009
3.232e-070
3.280e-013

0. 000e+000
0. 000e+000
0. 000e+000
0. 000e+000

1. 010e-005
5. 048e-006

2.051-e-013
2.051e-013

1. 381e-005
1.381e-005

1. 834et001
1.738e+001
8. 672e-001-
9.503e-002
2.209e'004
L.232e-006

4 .306e-015
2. 153e-015

0. 000e+000
0.000e+000
0. 000e+000
0. 000e+000

2.890e-006
1. 659e-006
L.232e-006
1. 108e-012
3.280e-013
5 . 4 56e-015
5.286e-017
4.93Le-022
0. 000e+000

1.767e-005
3.172e-Q07
7. 758e-007
8. 685e-010
9.698e-012
5.515e-021

1.694e-007 -5.569
3. 963e-012 -L2.344
7 .232e-0),4 -14.189

2.'125e-006
2.080e-007
8.171e-008
3. 615e-009
2.8'l0e-01"2

-0.202
0.942
1-049

-6. 507
-7.6L5
-8. 136
-9.49t

-L2.484

-5. 565
-6 .682
-7.088
-8 .442

-1"L.542

0.942
0. 933
1.049
t-.049
0.942

42
42
49

1.240
-0.062
-L.022
-3. 655
-5. 910

0.397
1.049
o -942
0.942
1.049

3.409e-002
1.767e-005
1. 195e-005
3.172e-007
2.'125e*006
8. 171e-008

-L.226
-5. 695
-5.865
-6.257
*6.507
-8.136

-1.467
-4.153
-4.923
-6.499
-5.565
-7.088

-0.242
0.942
0.942

-0.242
0.942
t.049

-5. 695
-6.257
-6.634

-10. 110
-11. 95s
-2L.307

-4.753
-6.499
-6. 110
-9. 061

-11.013
-20.258

0.942
-0.242
0.524
1..049
0.942
1.049

5.301e-007 -6.073 -6.276 -0.202

0. 000e+000 -41.047 -40.105 0.942

-51.359
-52. 111
-58 -927

-6.77L
-LL.402
-13.141

-s1 - 801
-51.169
-57.879

0.000e+000
0.000e+000
0. 000e+000

4. 337e+001
9. 699e+000
8.316e-001
1. 933e-003
l-. 377e-005

-0. 4

0.9
1.0

4.417e-005 -5.29'l -4.355 0.942

8.42Le-Al4 -12.688 -13.075 -0.387

5. 670e-006 -4. 860 -0.387-5.246

L.63'7
0. 987

-0.080
-2.7L4
-4.86L

0. 000e+000
0.000e+000
0. 000e+000

-L30. 197
-L33.234
-133. 198

-0.344
-1.031
0.942

1.884e-014 -L4.66'l -1-3.725 0.942

-129. 853
-L32.204
-134.140

-1.407
.049

6. 491e-008
1.377e-005
9. 598e-012
2.870e-012
7 .232e-014
5.9L2e-0L6
5.515e-021
0. 000e+000

-5.780
-5. 910

-11_. 9ss
-1"2.484
-14.189
-]-6.277
-2L.307
-58 .927

-7 - 188
-4.861

-1r..013
-11.542
-13.141
-t5.228
-20.258
-57.879

.942

.049

.049

.049

.049

.942
1
0
0
1
1
1
1

---Saturation indices---------

Phase SI 1og IAP 1og I(T

Anhydrite
Aragonite
Calcite
cH4 (s)

CaSO4
CaCO3
CaCO3
cH4

-8. 95
0 .37
0.51-

-724 -75

-13.30
-7 .95
-7. 95

-L27 .57

-4 .35
-8 .31
-8.45
-2.83



co2 (s)
Dolomite
Glpsum
H2(sl
H20 (s)
H2S (s)
Halite
N2 (s)
NH3 (s)
02 (c)
SuIfur

-3. 50
0.54

-9. 05
-35.97
-L.77

-132.24
-6.2L
-1.11

-53.01
-10.86

-101.20

-4.92
-t5.47
-13. 63
-40. 10
-0. 16

-133.20
-4.64
-4.35

-51. 17
-L3.72
-96.23

-4.58
-3. 13
1.61

-0. 95

co2
CaMg (Co3) 2
CaSO4:2l/,2c
H2
H2a
H2S
NaCI
N2
NIT3
02
s

-1
-L7

42
00

1. 57
-3.2s
1.85

-2.86
4 -97

End of simulation.

Reading input data for simulation 2.

End of rua.

t



Run 4 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal,MO\PHREEO

\010510\rain\25-75\mix rain NaOH and calcite GW.pqi
Output file: C:\Documents and Settings\,Jennifer\My Documents\BASE-Hannibal MO\PHREEQ

\010510\rain\25-?5\rnix rain NaOH and calcite GW.pqo
Database file: c:\Program Files\usGS\Phreeqc rnteractive 2.15.0\phreeqc.dat

Reading data base.

SOTUTION MASTER SPECIES
SOLUTIONJPECIES
PHASES
EXCHANGE_MASTER_S PEC I E S
EXCHANGE_SPECIES
SURTACE MASTER SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation l-.

DATABASE C : \Program Files\USGS\Phreeqc Interactive 2.i.5. 0\phreeqc.dat
SOLUTION 2 NaOH

temp 20
pH 9.993
pe 8.492
redox pe
units mmol/kgw
density 1
Na 18.34 Mo1/kgw
c 1.155
Ca 2.805e-006
CI 8.448e-007
K 2 .7 e-007
Mg 3.433e-007
N(5) 1.381e-005
s (6) 2.89e-006
water 1 # kg

SOLUTfON 1 GW G eqb w/ Calcite
temp 20
pH 7.301
pe -1.841
redox pe
units mmol/kqw
densi-ty 1
Ca 0.001789
c 0.003961
water 1 * kg

SAVE solution 1-2
MIX 1 Mix NaOH and GW G egu w./ calcite

1 0.4
2 0.6

Beginninq of initial solution calculations.

Initial solution 1. GW G eqb w/ Calcite

--Solution composition---------

Elements Molality Moles

C 3. 96Le-005 3.951e-006
Ca 1. 789e-006 1.789e-006



-Description of solutlon--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kg)

Total CO2 (moI/kg)
Temperature (deg C)

El-ectrical balance (eq)
Percent error. 169* (Cat-lAnl ) /(Cat+lAnl )

Iterations
Total H
Total O

7 .301
-1.841

1. 000
5 - 44Ae-OO6
1. 000e+000
3 .626e-006
3. 961e-006
20.000

: -4.751e-008
-0. 65

2

: L.L10L24e+002
:5.550623e+001

-Distribution of species---

species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o (0)
02

1.361e-007
5. 01-4e-008
5.551e+001

1.058e-025
1.058e-025

3. 961,e-006
3.533e-006
4.245e-007
3.000e-009
7 .328e-011
8.056e-012

1. 78 9e-006
1. 789e-006
7 .328e-07L
8.055e-012
5.889e-012

1.791e-014
8. 953e-015

0. 000e+000
0. 000e+000

1.358e-00?
5. 000e-008
1. 000e+000

3.524e-006
4.245e-007
2. 968e-009
7.309e-011
8.056e-012

1.770e-006
7.309e-011
8. 056e-012
5. 873e-012

1-.058e-025 -24.975 -24.975 0. 000

-6.866
-7.300

1-'t 44

-6.867
-7.301
-0. 000

-0.001
-0. 001-

0. 000

-5 .452
-6 -372
-8.523

-r-0. 135
-11. 094

-5. 453
-6.372
-8.528

-10. 136
-11. 094

-0. 001
0. 000

-0. 005
-0. 001

0. 000

-5.7 47
-10. 135
-LL.094
-1L.230

-5.752
-L0. 136
-Lt.094
-tL.23t

-0. 005
-0.00L

0. 000
-0.001

8.953e-015 -14.048 -14.048 0.000

0.000e+000 -55.925 -65.925 0. 000

---Saturation indices--------

Phase SI 1og IAP log Iff

Aragonite
Calcite
CH4 (q)
coz (s)
H2(s)
H2o(sl
02(s)

-14.28
-L4.28
-24.98
-6.37

-8. 31
-8.45
-2.82
-1.4r-
-3. l_3
t.64

-2.85

-5. 9?
-5.83

-22.L6
-4 .97

-L0.92
-1-64

-63.07

CaCO3
CaCO3
cH4
co2
H2
H20
o2

05
00
93

-L4.
-0.

-65.

Initial sofution 2. NaOH

--Solution composition--------

Elements Molality Moles

c
Ca
c1
K
Mg
N (s)
Na

L.156e-003
2.805e-009
8. 448e-010
2.700e-010
3.'433e-010
1 . 38 Le-008
1. 834e+001

1. 156e-003
2 .805e-009
8.448e-010
2. 700e-010
3.433e-0L0
1.38Le-008
1. 834e+001



s(6) 2.890e-009 2.890e-009

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (.q)
199r. (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Tota1 H
Total O

= 20.000
: 1.834e+001
: 99.99
=8: 1..'J.1"0129e+002
= 5.551002e+001

:9
_1_I

_1
-a

9.993
I .492
0. 688
.170e+000
.000e+000
.491e-003
.156e-003

Percent error,

-Distribution of species---

Species Molality Activity
Log Log Log

Molality Activity Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
NaHCO3
HCO3-
coz
CaCO3
CaHCO3+
MqtCO3
MgHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Nlg+2
MgOH+
MgCO3
MqHCO3+
MgSO4

N (s)
NO3-

Na
Na+
NaCO3-
NaOH
NaHCO3
NaSO4-

4.598e-005
1.016e-010
6. 882e-001

8. 874e-003
1. 40Le-005
8.358e-004
3.380e-005
7.202e-OQB
1. 827e-010
3 - 370e-012
3. 194e-011
1. 001e-012

8 6e-010
59e-015
59e-020

2.581e-009
4. 009e-011
3. 194e-011
1. 001e-012
3.353e-017

4.397e+001
8.874e-003
1. 958e-003
8 .358e-004
1 - 352e-008

-3.062
-3.891
-3 - 995
-4.230
-8.837

-10. 6s5
-11.232
-11.413
-13.009

-1
_Z

-2.052
-4.854
-3.078
-4.47'1"
-7.920
-9.738

-1.1.472
-10. 4 96
-12.000

-0.241
0. 917
1. 010

1 1e-004
4 9e-010
5l-e+001

0. 000e+000
0.000e+000

1. 156e-003
75e-004
85e-004
'l-2e-004
82e-005
55e-009
).2e-01L
65e-012
67e-0'12
84e-014

2. B05e-009

8.448e-01

0. 000e+000
0.000e+000

2.700e-010
2.700e-010
4.792e-0L6
6.7L5e-021

3. 433e-01-0
3.354e-010
3. 919e-012
3.867e-0L2
9.784e-014
4.071e-01-8

1.381e-008
1.381e-008

1. 834e+001
1. 834e+001
8. 675e-004
2.382e-004
1. 012e-004
1.322e-009

-3.995 -4.331 -0.342
-9.839 -9.993 -0. 1s4

1, -7 44 -0 .162 0 . 000

1.0
1_.4
5.5

0. 000e+000 -131. 316 -130.399 0. 917

8.5
1.2
1.0
5.8
L.4
2.2
5.8
3.8
o?

t_.010
-0. 963

0. 917
-0.24L
0.917
0.91-7

0
0

-0
1

0
1

8.507e-009
1 - B27e-010
3. 370e-012
9.561e-0'12
1.026e-016
5.755e-026

. 448e-010 5.2?5e-010 -9. 073 -9 .278 -0 .2O5

2
2
5
9
1
E

0
I

77 6e-009
2l2e-01"1
8 55e-012
34 7 e-01 3
242e-0L7
626e-027

*8.557
-10. 655
-11.232
-12.029
-16. 906
-26.250

-8.070
-9.738

-LL .47 2
-11.019
-1s. 989
-25.240

.486

.91-7

.241

.010

.917

.010

0.000e+000 -41-.015 -40.098 0.917

1.6
3.9
6.8

9.5
5.3
0-1

59 -9.773
t9 -L4.402
73 -r.9. 163

-0
0
1

.205

.917

.010

5. 694e-009 -7. 860 -8 .245 -0.385

-t
-1
-1
-1

-8.588
-10.397
-10. 496
-L2.000
-76 .473

0.886
1.010
0.9L7
1. 010
o -9L7

9.4't 4
L.407
1.413
3. 009
7 .390

1.263
-3.062
-3.623
-3. 995
-8.879

L.643
-2.052
-2.706
-3.078
-7.869

0.380
1. 010
0. 917
0 .9'17
1.010



o(0)
o2

s(6)
so4-2
NaSO4-
CaSO4
MgSo4
HSO4-
KSO4-
CaHS04+

1-715e-015

2.890e-00
I
9
t_

1
1
4
5
6
5

.568e-009

.322e-009

.242e-01'l

.071e-018

.500e-020

.715e-02t
-626e-021

-8. 805
-8.879

-16. 906
-17 .390
-L9.260
-20.L73
-26.250

-10. 198
-'7 .869

-15.989
-1-6.4'13
-18.2s0
-19-163
-25.240

-1.394
1. 010
0.9L't
a.917
r_. 010
1-010
1. 010

576e-01-6 ?. 085e-015 -15. 067 -14 . 150 0. 917

6. 337e-011
1. 352e-008
]- -O26e-OL6
3.363e-017
5.626e-019
6. 869e-020
5.'155e-026

-18.27
-12.92
-1,2.92

-130. 40
-'1.92

-26.37
-18.59
-40. 10
-0. 16
-7.63

-14. 15

-4.34
-8.31
-8.45
-2.82
-1.41

-L6.97
-4.58
-3. 13

L.64
1.57

-2.85

CaSO4
CaCO3
CaCO3
CH4
co2
CaMg(CO3) 2
CaSO4:2H2O
H2
H20
NaCl
o2

---Saturation indices---------

Phase SI log IAP 1og KT

Anhydrite
Aragonite
Calcite
cH4 (s)
co2 (gl
Dolornite
Gypsum
H2(sl
H20 ( 9)
HaIite
02(sl

-9.39
-l_4.01
-36.97
-1- 80
-9.21

-11.30

-l_3
-4
-4

-127

92
62
4'1
58
5l--6

Beginning of batch-reaction calculations.

Reaction step 1.

Using mix 1. Mix NaOH and GW G equ w,/ calcite

Mj-xture 1". Mix NaOH and GW G equ w,/ calcite

4.0.00e-001 Solution 1 cItI G eqb w/ Calcite
6.000e-001 Solution 2 NaOH

--Solution compositi-on-------

Elements Molality Moles

C
Ca
CI
K
Mg
N
Na
s

5.952e-004
7 .173e-007
5. 069e-010
1. 620e-010
2. 060e-010
8 .286e-009
L. 100e+00L
1 - 734e-009

6. 952e-004
7.1.73e-007
5.069e-010
1.620e-010
2 .060e-010
8.286e-009
1".100e+001
1.734e-009

--Descri-ption of solution--

pH
pe

Activity of water
Ionj-c strength

Mass of water (kg)
Tota1 atkalinity (eqlkg)

Total Co2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
100* (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Total H

9.809 Charge balance
9.884 Adjusted to redox equilibrium
0.813

5.502e+000
1. 000e+000
1- . 4 95e-003
6. 952e-004
20. 000
L. 100e+001
99. 99
l2

= l- . 1l-0127 e+002

Percent €rEoE;



Total O = 5.550851e+001

-Distribution of specj-es---

Species Molality

7.453e-005 3
2.190e-010 l-
5. 551e+001 8

Activity

.558e-005

.551e-010

. 12 9e-001

1.575e-003
2.264e-004
7.505e-005
2 .7 64e-005
1.271e-008
6. 986e-009
1. 966e=010
2.113e-012
1.011e-013

6. 069e-007
6. 98 5e-009
1. 966e-010
5.2?8e-010
5. 103e-015
4.371-e-024

9. 351e-011
1. 699e-015
2 .657 e-Q2O

3. 186e-010
3. 830e-012
2.LL3e-072
1.011e-013
2 . 8 96e-018

0. 000e+000
0. 000e+000
0. 000e+000

1 - 456e+001
1 .575e-003
5.042e-004
2.264e-004
3. 123e-009

0. 000e+000
0.000e+000
0.000e+000

Log Log
Molality Activity

-4.L28 -4.449
-9 - 660 -9 - 809
t.7 44 -0. 090

Log
Ganrna

.480

.550

.920

.230

.550

.550

.230

.550

.480

oH-
H+
H20

c(-4)
CH4

c(4)
NaCo3-
NaHCO3
co3-2
HCO3-
co2
CaCO3
CaHCO3+
MgCO3
MgHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

c1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Nlg+2
MgOH+
MgCo3
MqHCO3+
MgSo4

N(-3)
NH4+
NH3
NH4SO4-

N(0)
N2

N (3)
NOz-

N (s)
NO3-

Na
Na+
NaCO3-
NaOH
NaHCO3
NaSO4-

o(0)
o2

s(-2)
HS-
s-2
H2S

s (6)
NaSO4-

-0.32]-
-0. 150

0. 000
0.000e+000

0.000e+000
6.952e-004

5.219e-004
6.378e-005
6.24 9e-005
4 .596e-005
3 - 580e-009
1. 968e-009
3.340e-010
5. 953e-013
3.349e-014

'l .\73e-001
7.148e-007
1.968e-009
3.340e-010
1 . 74 9e-010
1.438e-015
L.449e-024

5. 069e-010
5. 069e-010

0. 000e+000
0. 000e+000

1. 620e-010
1. 620e-010
4.786e-0L6
8 . 807e-02 1

2 .060e-010
2. 041e-01-0
7.269e-01-2
5.953e-013
3.349e-014
8.157e-019

0. 000e+000
0.000e+000
0. 000e+000
0. 000e+000

6.875e-023
3 .437 e-023

5 .4'l Le-01-9
5.471e-019

8.286e-009
8.286e-009

1.100e+001
1.100e+001
5.219e-004
L.420e-OO4
6. 378e-005
1. 035e-009

3.805e-010
1.903e-010

0. 000e+000
0. 000e+000
0.000e+000
0. 000e+000

1.734e-009
1.035e-009

0. 000e+000 -L40.739 -140. 189 0. 550

2.926e-O1O -9.295 -9.534 -0.239

0. 000e+000 -43.066 -42.5L5 0. 550

-3.282
-4.195
-4.204
-4.328
-8.446
-8 - 706
-9.47 6

-L2.225
-1_3 . 47 5

-2.803
-3 - 645
-5.L25
-4 .558
-'t .896
-8. 156
-9.'l06

-11. 675
-72.995

-6.146
-8.706
-9 .47 6

-9.75't
-L4.842
-23.839

-9 -790 -10 -029
-15.320 -L4 .770
-20. 0s5 -]-9.5"16

-63 .923
-63.5r,4
-'13.]-67

-6.217
-8.156
-9 .7 06
-9.278

-]-4.292
-23.359

-0.071
0.550

-0.230
0. 480
0.5s0
0. 480

0
0

-0
-0

0
0

-0
0
0

0.1
0.4
0.5
0.4
0.5

-0.239
0.550
0.480

-9. 690
-11.896
-L2.22s
-13.475
-18.088

-9.497
-Lt.4L7
-11.675
-1,2.995
-17.538

93
80
50
80
50

-63.
-64.
-73.

-0. 406
0.550
0.480

517
064

764

1.220e-022 -22.464 -2L.9L4 0.550

2.396e-019 -L8.262 -1"8.620 -0.359

3.529e-009 -8.082 -8.440 -0.359

L.042
-3.282
-3 - 848
-4.195
-8.985

1.163
-2.803
-3.297
-3.645
-8.505

0.122
0.480
0.550
0.550
0.480

5.754e-010 -9.721 -9.L70 0.550

-742.630
-L45.233
-146.301

-L42.952
-1,46.2L1
-145.751

-o -321
-0. 97 9

o.550

3.123e-009 -8.985 -8.505 0. 480



so4-2
CaSO4
MgSO4
HSO4-
KSO4-
CaHSO4+
NH4SO4-

6. 988e-010
1.438e-015
8. 157e-019
1. 985e-019
8.807e-021
1".449e-024
0.000e+000

-9. 156
-'t 4.842
-18.088
-18.'102
-20.055
-23. 839
-73 .647

-1_4 .

-\'l .

-l_8 .

-19.
-23.
-73.

.550

. s50

.480
- 480
.480
- 480

4.419e-011
5. l-03e-015
2.896e-018
5. 990e-019
2 .65'l e-020
4.37Le-024
0. 000e+000

-10.355
292
538
223

-1
0
0
0
0
0
0

r.99

5'16
359
167

---Saturation indices---------

Phase SI 1og IAP 1og KT

Anhydrite
Aragonite
Calcite
CH4 (q)
Co2lgl
Dolomite
Glpsum
H2ls)
H20(sl
H2S (s)
HaIite
N2 (s)
NH3 (s)
02lsl
Sulfur

-12.23
-3. 04
-2.89

-L37.37
-6 .49
-8. 99

-12.17
-39.39
-1.'13

-144.81
-9.94

-18 .67
-65.39
-6.32

-111.36

-r.6.57
-]-1.34
-11 - 34

-140. 19
-7 .90

-25 .96
-16.75
-42.52
-0-09

-r.45.75
-8 .37

-21_.9L
-63.51

-9.L7
-r.06. 36

-4.34
-8 .31
-8.45
-2.82
-L.4L

-L6.97
-4.58
-3. 13

1.64
-0.94
1.57

-3.24
1. 87

-2.85
5.00

CaS04
CaCO3
CaC03
cH4
co2
CaMg (Co3 ) 2
CaSO4:2H2O
H2
H20
H2S
NaCl
N2
NH3
o2
s

End of simulati-on

Reading input data for simulation 2

End of run.



Run 4 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BAsF-Hannibal MO\PHREEQ

\010510\rain\egb mix 2 wi-thmontmorillonite.pqi
Output file: C:\Documents and Settings\,fennifer\My Documents\BASF-Hannibal MO\PHREEQ

\01051O\rain\eqb mix 2 withmontmorillonite.pqo
Database file: C:\Program Files\USGS\Phreegc Interactive 2.L5.O\phreeqc.dat

Reading data base.

SOLUT ION_MASTER_SPEC IES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE MASTER SPECIES
SURFACE SPECIES
RATES
END

Readingi input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreeqc fnteractive 2. 15. O\phreeqc.dat
EQUIIIBRIUM_PHASES 1

Ca-Montmorillonite 0 10
SOLUTTON ].

terp 20
pH 7.313
pe 11.534

Ca

redox
units
density
C

c1
K
Mg
N(s)
Na
s (6)
water

pe
nunol,/kgw
1

0. 004 154
0. 001866
8.124e-013
2.601e-01-3
3.308e-013
L.329e-OLL
0. 008 832
2.785e-012

1*kq

Beginning of initial solution calcuLations.

Initial sofution 1.

--Solution composition---------

Elements Molality Moles

c
Ca
c1
K
Mg
N(s)
Na
s (6)

4. 154e-006
1.866e-006
8 -L24e-01-6
2. 601e-016
3. 308e-01-6
1.329e-Ol4
8 .832e-006
2. 785e-015

4 .154e-006
1-.866e-006
8 .124e-01-6
2 - 60'Le-OL6
3 - 308e-016
1.329e-014
8.832e-006
2 .785e-015

-Description of solution--

pH 7.313
pe 11.534

Activity of water 1.000
Ionic strength 1.0L1e-005



Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mol,/kg)
Temperature (deg C)

Electrical balance (eS)
Percent error, 1gg* (Cat- lAnl ) / (Cat+lAnl )

fterations
Total H

Total O

=1
3

=4

_1_I
_E

.000e+000

.815e-006

.154e-006
20. 000
8 .749e-006
53. 10

3
.lLQlZ4e+002
.550623e+001

Log
Molality

Log
Activity

-5. ?35
-10. 098
-lL.044
-1,L -202
-18.018
-24.589

-15.586
-22 -733
-29.340

-Distribution of species---

Species
Log

Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3

, CaCO3
NaCO3-
MqHCO3+
MgCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaS04
CaHSO4+

c1
cl-

fi (0)
H2

K
K+
KOH
KSO4-

Mg
l4g+2
MgOH+
MgHCO3+
M9CO3
MgSO4

N(s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-
NaSO4-

o(0)
o2

s(6)
so4-2
CaSO4
NaSO4-
HSO4-
CaHSO4+

Molallty

1.401e-007 1

4.882e-008 4

5.551e+001 1

Activity

.396e-007

.854e-008

.000e+000

1.839e-006
7 - 980e-011
9.042e-012
6 -273e-01"2
9. 597e-019
2.577e-025

2.591e-01-6
1.847 e-023
4.571e-030

3.259e-01.6
1. 537e-020
1.385e-020
9.235e*022
1. 839e-028

8. B00e-005
1. 832e-011
1. 195e-012
4 .065e-013
1.171e-01-9

2.7 43e-Ol5
9.597e-019
1.171e-O19
1. 165e-020
2.577 e-025

-6.854
-7.311

7.7 44

-6. 855
-7.313
-0. 000

-0. 002
-0. 002
0.000

0.000e+000
0.000e+000

4. 154e-006
0.000e+000 -132.062 -132.062 0. 000

1 . 8 66e-005

8.124e-01-

.71-7e-005

.339e-007

.254e-009

.009e-01-l-

.832e-011

.042e-01,2

.080e-013

.390e-020

.235e-022

.865e-006

.009e-01-1
-O42e-012
.297 e-0L2
- 597e-01-9
.587e-025

.'J.24e-016

-5.430
-6.363
-8.488

-10. 096
-10.737
-LL.044
-L2.389
-19. 857
-21.035

-5.729
-10. 096
-11.044
-tL.20t
-18 .018
-24.587

-1 5.585
-22.733
-29.338

3
4
3
8
1
9
4

L
9

3 . ? 03e-005
4.339e-007
3.206e-009
7. 980e-011
1. 832e-011
9.042e-0L2
4 - 065e-013
1.385e-020
9 -235e-022

-5. 431
-6.353
-8.494

-10. 098
-10.737
-lL.044
-L2.39L
-19.859
-21.035

-0.002
0. 000

-0 - 005
-0.002
0-000
0.000

-0. 002
-0.002

0.000

-0.006
-0.002
0.000

-0 - 002
0.000

-0.002

1
I
9
6
9
2
6
8

0.000e+000
0. 000e+000

2.601e-01-6
2.601e-016
L.847 e-023
4.588e-030

3.308e-016
3.308e-015
1.543e-020
1.390e-020
9.235e-022
1. 839e-028

L.329e-014
L.329e-0!4

8.832e-006
8.832e-006
l-. 832e-01L
1. 195e-012
4.080e-01-3
1 . 17 6e-0L9

8.393e-013
4.196e-013

2.785e-015
2. ?84e-015
9.597e-019
1. 176e-0L9
1.L70e-020
2.587e-025

-15.480
-19.81"2
-19. 857
-21.035
-27 .735

-15 - 487
-19.81_3
-19.859
-21.035
-27 .735

-0. 006
-0. 002
-0.002

0. 000
0-000

-5.054
-10.737
-1L.923
-t2.389
-18. 930

-5.055
-10. 737
-11.923
-1_2 -391-
-18.931

-0. 002
0. 000
0. 000

-0.002
-0.002

8. 094e-016 -15. 090 -1.5.092 -0. 002

0.000e+000 -40.822 -40.822 0. 000

-0.002
0.000

-0 - 002

1-.324e-01,4 -13.876 -13.878 -0.002

4. 196e-013 -L2.37't -L2.377 0. 000

-14.555
-18.018
-18. 930
-!9.932
-24.587

-L4.562
-18.018
-18. 931
-19. 933
-24.589

-0. 006
0.000

-0. 002
-0. 002
-0.002



MqSO4
KSO4-

1.839e-028 1.839e-028 -27.735 -27.735 0.000
4 .588e-030 4 .571e-030 -29.338 -29.340 -0.002

---Saturation indices---------

Phase SI 1og IAP 1og I(T

Anhydrite
Aragonite
Calcite
cHa (q)
co2 (sl
Dolomite
Glpsum
H2(s)
H20ls)
Halite
02(sl

-15. 95
-5.92
-5.78

-L29.24
-4.96

-21".24
-t5.-12
-37 .69
-L.64

-21.72
-9.52

-20.30
-L4 -23
-1-4.23

-132.06
-6.36

-38.2L
-20.30
-40.82
-0.00

-20.L5
-L2 -38

-4.34
-8.31
-8.45
-2.82
-L.41

-1-6.97
-4 .58
-3. r.3
L.64
1.57

CaS04
CaCO3
CaCO3
cH4
co2
CaMg(CO3) 2
CaSO4:2H2O
H2
H2c-
NaCI

-2.85 02

Beginning of batch-reaction calculations.

Reaction step 1-.

Using solution L.
Using pure phase assemblage 1.

----Phase assemblage

Sf 1og IAP 1og KT
Moles in assemblage

Initial Final Delta

Ca-Montmorillonite 0.00 -45.76 -45.76 1.000e+001 1.000e+001 -2.061e-006

--Solution composition---------

Elements Molality Moles

Phase

A1
C

Ca
C1
K
Mg
N
Na
s
si

4.802e-006
4. 154e-006
2.206e-006
8.1-24e-01-6
2.601-e-016
3.308e-016
L.329e-014
8. 832e-006
2 .785e-015
7.563e-005

4.802e-006
4.154e-006
2.206e-006
8. 124e-016
2. 501e-01-6
3.308e-015
1.329e-0]-4
8.832e-005
2.785e-015
7 .563e-006

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kg)

Total CO2 (mol/kg)
Temperature (deq C)

Electri-cal balance (eq)
Percent error, 100* (Cat- I An I ) / (Cat+ I An | )

Iterations
TotaL H
Total O

6.5L7 Charge balance
= 12.232 Adjusted to redox eguilibrium
= 1.000
= 1.255e-005

1.000e+000
=.1.890e-005

4.154e-006
20. 000

= 8.749e-006
42.54

9
= L.1,L0124e+O02
= 5.550625e+001

-Distribution of species---



Species Molality ActJ-vity
Log

Molality

-5.489
*5.97 4

-6.356
-7 .284
-8 .7 47

-L9.852
-27 .533
-32.925

-5.580
-5.817
-9 - 334

-10. 175
-10.888
-11. 819
-13.236
-20. 008
-2L.8B2

-5. 6s6
-10. 175
-11. 819
-11.825
-17 .947
-23.820

-15.585
-23.430
-29.339

Log
Activity

-5. 4 90
-5.97 6
-6.356
-7 .292
-8.763

-19. 854
-27 .541
-32 -927

-5. 582
-5 . 817
-9. 34 1

-L0.177
-10. 888
-11.819
-13.238
-20. 010
-2L.882

-5 .664
-10.177
-11.819
-L7.827
-L7.947
-23 -B2t

-1s. 587
-23.430
-29.341

-56. 483
-59.26't
-69 .936

Log
Gamma

-0.002
-0.002
0.000

-0.007
-0. 0r"6
-0.002
-0.007
-0. 002

-0.002
0. 000

-0.007
-0.002
0.000
0.000

-0. 002
-0.002
0.000

-0.007
-0.002
0.000

-0.002
0. 000

-0 - 002

H+
oH-
H20

A1
A1(OH)4-
A1(OH)2+
A1(OH)3
A10H+2
A1+3
AlSO4+
AIHSO4+2
A1 (SO4 ) 2-

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
MgHCO3+
MgCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHS04+

c1
cl-

H (0)
H2

K
K+
KOH
KSO4-

Mg
Mg+2
MgHCO3+
MqOH+
MgCo3
MgSo4

N(-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaHCO3
l{aOH
NaCO3-
NaSO4-

o(0)
o2

2.427 e-007
2.82Le-008
5.551e+001

2.417e-00'l
2. 809e-008
1. 000e+000

-6. 61s
-7. 5s0

1.7 44

-6.617
-7.551
-0. 000

-0.002
-0. 002
0-000

4.802e-006

0. 000e+000
0

4. 154e-006
2
1

4
6
1
1

5
9
1

2.206e-006

6. 446e-01

3.246e-006
1.061e-006
4. 405e-007
5. 195e-008
1-.7 92e-009
L.406e-020
2.928e-Q28
1 . 18 9e-033

.629e-006

.524e-005

. 638e-010

.68?e-011

.295e-0LL

.519e-012

.806e-01-4

.816e-021

.372e-022

.308e-016

.816e-021

.101e-021

.3L2e-022

.833e-028

.000e+000

.000e+000

.000e+000

.223e-0L9

3.233e-006
1 - 057e-006
4.405e-007
5 - 110e-008
L.727e-009
1.400e-020
2.880e-028
1. 184e-033

2. 618e-006
1- -52Ae-OO6
4 .563e-010
6. 659e-01-l-
1.295e-011
l-.519e-012
5.782e-0L4
9.77 6e-021
L.3L2e-022

000e+000 0.000e+000 -L31.527 -131,.52'1 0.000

2.206e-006
6. 587e-011
1. 519e-012
1.496e-0L2
1. 131e-018
1.515e-024

8.124e-0L6
8.124e-01,6

0. 000e+000
0. 000e+000

2. 601-e-016
2. 601e-016
3 .717 e-024
4.580e-030

3.308e-016

8 . 091e-016 -15. 090 *L5 .092 -0.002

0.000e+000 -40.825 -40.825 0. 000

2. 170e-006
6.659e-011
1.519e-012
L.490e-072
1. 131e-018
L.509e-024

2 .590e-016
3.7L7e-024
4 .561e-030

3.254e*01,6
9.77 6e-02'J.
3.089e-021
L.3L2e-022
1. 833e-028

0. 000e+000
0. 000e+000
0. 000e+000

8.796e-006
L.295e-011
2 .405e-013
5.782e-0L4
1. 169e-019

3
9
3
1

1
0
0
0
0
9
3

000e+00.0

3.223e-019 -18.492 -18.492 0.000

3.484e-023 -22.456 -22.458 -O.002

1.323e-0L4 -L3.87 6 -l-3 - 878 -O -OO2

-0. 002
0.000

-0.002

-15. 480
-20. 008
-20. s08
-2L.882
-27 .737

-15. 488
-20. 010
-20.510
-2L.882
-27 .737

-0. 007
-0.002
-0.002
0.000
0.000

-56.482
-59.267
-69 -934

-0. 002
0.000

-0 - 002

-5. 054
-1_0.888
-!2.6L9
-].3.236
-18.930

-5.056
-10.888
-1,2.619
-13.238
-L8.932

002
000
000
002
002

3.498e-023
3. 498e-023

1.329e-074
L.329e-01-4

8. 832e-006
8. 832e-006
1.295e-011
2. 405e-013
5.806e-014
1. 174e-019

8.500e-013
4.250e-01-3

-0.
0.
0.

-0.
-0.

4.250e-013 -L2.372 -L2-372 0.000



s(-2)
H2S
HS-
s-2

s(6)
so4-2
CaSO4
NaSO4-
HSO4-
Also4+
CaHS04+
A1HSO4+2
MgtSo4
KSO4-
A1 (SO4 ) 2-
NH4SO4-

Si
H4SiO4
H3SiO4-
H2SiO4-2

0.000e+000
0. 000e+000
0. 000e+000
0. 000e+000

2 .785e-015
2.784e-0L5
1. 131e-018
1. 174e-019
5.806e-020
1.406e-020
1.515e-024
2.928e-028
1.833e-028
4.580e-030
1. 189e-033
0. 000e+000

7.563e-006

0. 000e+000
0. 000e+000
0. 000e+000

2.738e-015
1.131e-018
1. 169e-019
5.782e-020
1.400e-020
1.509e-024
2.880e-028
1. 833e-028
4 .561e-030
1.184e-033
0. 000e+000

-L37 .L'tL
-137.563
-144.01_0

-14 .555
-].7 .947
-18 - 930
-L9.236
-19. 852
-23.820
-27.533
-27 .'t37
-29.339
-32.925
-69 .934

-13't .1,'t7
-'t37.564
-1-44 - 01'l

00
00
00

0

-0
-0

0
2
7

7 - 559e-006 7.559e-006 -5.1,22 -5.122 0.000
3. 869e-009 3. 854e-009 -8 .4L2 -8 .4L4 -0. 002
7.884e-016 '1.756e-0L6 -15.103 -15.110 -0.007

0'7
00
02
02
02
02

-0. 007
0. 000

-0.002
-0. 002
-0. 002

A1(OH) 3
NaAISi308
KA13 (SO4 ) 2 (OH) 6

CaS04
CaAI2Si2oS
CaCO3

.'16 Ca0. 165AI2 . 33Si3. 67010 (oH) 2
CaCO3
cH4
sio2
Mg5A12Si3o10 (oH) 8

Mg3Si2o5 (oH) 4
co2
CaMgr(Co3) 2
A1(OH) 3
CaSO4:2H2A
H2
H20
H2S
NaCl
K0.6Ms0 .25AL2.3si3.5010 (oH) 2
KArSi308
KA13Si30r_0 (OH)2
AI2Si205 (OH) 4
N2
NH3
o2
si02
Mg2Si3o7 . 5OH: 3H2O
M92Si3O7 . 5OH: 3H2o
sio2
S

Ms3Si4o10 (oH) 2

-14.562
-77 .94'7
-'t-8.932
-L9.238
-79.854
-23.821
-27.547
-21 .'137
-29.341
-32.92't
-59.936

-0. 0
0.0

-0. 0

-0. 0

-0. 0

-0. 0

---Saturation indices---------

Phase SI log fAP 1og I(T

A1 (oH) 3 (a) -0. 04 11. 09 11. 13
Albite -7.58 -25.91 -18.33
Alunite -30.53 -31.30 -0 .77
Anhydrite -15.88 -20.23 -4.34
Anorthite -7.03 -26.89 -19.86
Aragonite -6.70 -1-5.00 -8.31
Ca-Montmorillonite 0.00 -45.76 -45
Calcite -6. 55 -15. 00 -8.45
CH4 (g) -128.71 -131.53 -2.82
Chalcedony -1.51 -5.12 -3.51
Chlorite(14A) -74.73 -4.46 70.2'7
Chrysotile -49.84 -17.01 32.83
co2(g) -4.4L -5.82 -1.41

-22.86 -39. 83
2.69 11.09

-'t 5 .64 -20 .23
-37.70 -40.82
-1.64 -0.00

-136.23 -L37 .17
-21.'12 -20 .L5
-10.77 -5]-.72
-15. 48 -36.44
-4.52 8.93
4.06 11. 93

-L5.25 -18.49
-6L.L4 -59.21
-9.52 -L2.37
-1.07 -5.L2

-35.'11 -19.87
-38.53 -19.87
-2 -37 -5.12

-104 . 4B -99.47
-49 -23 -27 -25

End of simulation.

Dolomite
Gibbsite
Glpsum
H2(s)
H20 (s)
H2S (s)
Halite
Illite
K-feldspar
K-mica
Kaolinite
N2 (s)
NH3 (q)
02(sl
Quartz
Sepiolite
Sepiolite (d)
Sio2 (a)
SuIfur
TaIc

-L6
I

-4
-3

1

-0
1

.91

.40

.58

.13

.64

.94

.57
-40. 95
-20.96

13. 45
7.88

-3.24
1.87

-2.85
-4.06
15.89
18. 66
-2.'75
s. 00

2]-.98

Reading input data for simulation 2



End of run



Reading data base.

Run 5

Input file: C:\Documents and Settings\.Iennifer\My Documents\BASF-Hannibal MO\PHREEQ
\0 1 051,0\rain\ 4 0Srainwater+50ENaOH. pqi

Output file: C:\Documents and Settings\.lennifer\My Documents\BASF-Hannibal MO\PHREEQ
\0 10510\rain\4 0 Srainwater+508NaOH. pqo
Database file: C:\Program Files\USGS\Phreegc Interactive 2.75.0\phreeqc.dat

SOLUTION MASTER SPECIES
SOTUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
SURFACE_MASTER_S PEC I E S

SURTACE SPECIES
RATES
END

Reading input data for simulation l-.

DATABASE C: \Program FiIes\USGS\Phreeqc Interact.ive 2.L5. 0\phreeqc.dat
EOUILIBRIUM_PHASES 1

co2 (q) -3.5 10
SOLUTION 1 rainwater

temp 25
pH 5.24
pe4
redox pe
units mg /L
density 1
Ca 0.458
Mg 0.034
Na 0.082
K 0.043
cl 0.L22
s (6) 1.131
N (s) 1.004
N(-3) 0.36
water 1 * kg

SOLUTION 2 NaOH
temp 20
pH 14
pe4
redox
units
density
Na
water

MIX 1
i_ 0.4
2 0.6

pe
runol/kgw
1
24.9 mol/kgvr

1#kg

Beginning of initiaL solution calculations.

Initial solution L. rainwater

--Solution composition--------

Elements Molality Moles

l-. 143e-005
3.441e-006
1 - 100e-006

1. 143e-005
3.441e-006
1.100e-006

Ca
c1
K



Mg
N(-3)
N (s)
Na
s (6)

Percent error,

1.398e-006
70e-005
68e-005
67e-006
77e-005

1.398e-006
2.570e-005
7. 168e-005
3.567e-006
1. 177e-005

2.5
't.L
3.5
1.1

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Totaf alkalinity (eqlkq)

Total carbon (mo1/kg)
Total CO2 (moI/kg)

Temperature (deq C)
Electrical balance (eq)

100* (Cat- lAnl) / (Cat+ lAn | )

fterations
Total H
Total O

5.822e-006
1.760e-009
5.551e+001

005
1. 140e-005
2 .429e-008
8 .288e-013
3. 174e-013

-4.943
-7 .6-t 4

-L2.082
-12.498

-4 .963
-7.6L4

-1"2 .087
-12.503

-4.020
0.000

-0. 005
-0. 005

-5.235 -5.240 -0.005
-8 .754 -8. 760 -0. 00s

L.7 44 -0. 000 0. 000

-s. 959 -5.964 -0.005
-10. 063 -10. 068 -0.005
-1s. 184 -15. 184 0.000

-s.855 -5.876 -0.020
-8 .45't -8 . 457 0. 000

-L2.07t -12.076 -0.005

-4 .590 -4 .595 -0.005
-8.431 -8.436 -0.005
-8. 600 -8. 500 0.000

-4.L45 -4.150 -0.005

_1
-I

-E

5.240
4.000
1. 000

1.047e-004
1. 000e+000
5. 824e-006
0.000e+000
0.000e+000
25. 000
3. 682e-005
22 .95

3
.LL0L25e+002
.550648e+001

------Redox couples

Redox couple pe Eh (volts)

8.3903 0.4963N (-3) /N (s)

-Distribution of species---

Species Molality Activity
Log Log Log

Molality Activity Gamma

H+
oH-
H20

Ca
Ca+2
CaS04
CaHSO4+
CaOH+

c1
c1-

H (0)
H2

K
K+
KSO4-
KOH

Mg
tlg+2
MgSO4
M9OH+

N(-3)
NH4+
NH4SO4-
NH3

N (s)
NO3-

Na
Na+
NaSO4-
NaOH

o (0)
o2

s(6)

3e1.14

5.754e-005
1.740e-009
1.000e+000

1. 088e-005
2 - 429e-0OB
8. l-90e-013
3. 137e-013

1.087e-006
8.547e-011
6.548e-016

1.331e-006
3.492e-009
8.397e-013

2 .539e-005
3. 662e-009
2 .515e-009

7.083e-005

3.525e-006
1. 977e-010
4.047e-015

0. 000e+000

-5. 448 -5. 453
-9.699 -9.704

-14.393 -14.393

3 . 44 1e-006
3.441e-006

4 .688e-022
2.344e-022

1. 100e-006
1. 100e-006
8. 649e-011
6.547e-01-6

1.398e-006
1.395e-006
3.492e-009
8.497e-013

2.570e-005
2 .570e-005
3. 705e-009
2 .515e-009

7. 168e-005
7.168e-005

3.567e-006
3.567e-006
2. 001e-010
4.04?e-015

0. 000e+000
0. 000e+000

1. 177e-005

3.401e-006 -5.463 -5 - 468 -0.005

2.344e-022 -21.630 -21.630 0. 000

-0.005
-0.005
0.000

-49-L20 -49-L20 0-000



so4-2
CaSO4
HSO4-
NH4SO4-
MgSO4
NaSO4-
KSO4-
CaHSO4+

1. 174e-005
2 9e-008
37e-009
05e-009
92e-009
01e-0 10
4 9e-011
8 8e-013

-0.
0.

-0.
-0.

0.
-0.
-0.
-0.

2.4
6.3
3.7
3.4
2.0
8.6
8.2

:1
=1
_a_Z
:0
:0

1. 1l-9e-005
2.429e-008
6.263e-OO9
3. 662e-009
3.492e-009
1. 977e-010
8 .547e-011
8.190e-013

-4.95L
-7 .61"4
-B -203
-8.436
-8 .457
-9.704

-10.068
-L2.08'l

021-
000
005
005
000
005
005
005

-4.931
-7.6L4
-8. 198
-8 .431
-8 .457
-9.699

-r.0. 063
-12.082

---Saturation indices---------

Phase SI log IAP 1og KT

Anhydrite
Glpsum
H2(s)
H20 (s)
Halite
NH3 (s)
02 (s)

-5. 55
-s.33

-18.48
-1.51

-12.50
-10. 37
-46.23

-9. 91
-9.91-

-2L.63
-0. 00

-L0.92
-8.60

-49.12

-4.36
-4.58
-3. 15

1. 51
1. 58
1-.77

-2.89

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalinlty (eqlkq)

Total carbon (mol/kg)
Total CO2 (mo]/kg)

Ternperature (deg C)
Electrical balance ("q)

1gg* (Cat- lAn I ) / (Cat+ lAn | )
Iterations

Total H

Total O

CaSO4
CaSO4:2H2O
H2
H20
NaCI
NH3
o2

.184e+001

.000e+000

.931e+000

.000e+000

.000e+000
= 20. 000
: 2.l-97e+001
= 92.7 6
:6
= 1. 139431-e+002
: 5. 843693e+001

Initial solution 2. NaOH

--SoLution compos ition---------

Elements Molality Moles

Na 2.490e+001 2.490e+001

-Description of solution--

14.000
4 .000
o -562

Percent error,

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

H (0)
H2

Na
Na+
NAOH

o(0)
o2

3. 816e-001
1.000e-014
5. 621e-001

8 .532e+001
3. 169e+001

58
L7

1. 931
1.50L

8 .574e-001
7.432e-014
5.551e+001

0.000e+000
0.000e+000

2.490e+001
2.283e+001-
2.073e+000

7. 102e-018
3.551e-018

-0.067
-t3.844

L.7 44

-0.418
-14.000

-0.250

-0.3s2
-0. 156
0-000

'1.44'le-040 -40.312 -39.L28 1. 184

1.3
0.3

0.573
l-.184

5.427e-017 -17.450 -L6.265 1-184

---Saturation indices---------

Phase SI log IAP log KT

H2(s) -35.00 -39.13 -3.13 H2



H2o (ql
o2 (s)

-1.89
-13 - 41

-o -25
-L6.27

7.64 H20
-2-85 02

Beginnlng of batch-reaction calculations.

Reaction step 1.

Using mix 1.
Using pure phase assembJ-age 1.

Mixture 1.

4.000e-001 Solution 1 rainwater
6.000e-001 Solution 2 NaOH

----Phase assemblage--------

co2 (sl -3.50 -4.93 -1.43 1.000e+001 9.057e+000 -9.431e-001

--So1ution composition--------

Efements Molality MoLes

Phase

Species

SI 1og IAP 1og ICI

9 - 2 95e-001-
4.505e-006
1.357e-006
4 .335e-007
5.513e-007
3.839e-005
L.472e+00L
4.641e-006

l-.020e-004
L.792e-0t0
5.551-e+001

0. 000e+000
0.000e+000

9.295e-001
7. 110e-001
9.225e-402
7.506e-002

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Tota] alkalinity (eelkg)

Total CO2 (moI/kg)
Ternperature (deg C)

Electrical balance (eq)
1gg* lcat- lAnl ) / (cat+ lAn | )

Iterations
Total H
Total O

Moles in assemblage
Initial- Fina} Delta

9.900 Charge balance
8.565 Adjusted to redox equilibrium
o.7 47

7 .534e+000
1. 015e+000
1.733e+000
9 .2 95e-001
22.400
1.318e+001
87.28
22
.L27709e+002
. 9151-03e+001

C
Ca
c1
K
Mg
N
Na
s

9.431e-001
4.571e-006
1.376e-006
4 .399e-007
5.594e-007
3 . 8 95e-005
1.494e+001
4 .709e-006

-Description of solution-

Percent error,

--Distribution of species--

-1-f

-E_J

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
NaHCO3

Molality Activity
Log Log

Molality Activity

-3.991 -4.327
-9.7 47 -9.900

1,.7 44 -0 .t27

-0.148 0,625
-1.035 -L.985
-t.L25 -0.371

4.713e-005
1 .250e-010
7.473e-001

4.225e+OOO
1.036e-002
4 .255e-00L

-0.335
-0. 153
0-000

Log
Ganuna

o .'t7 +
-0. 950
0.753

0.000e+00O -128.346 -127.593 0.753



HCO3-
CaCO3
co2
CaHCO3+
MgCO3
MgHCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+
CaSO4
CaHS04+

C1
c1-

H (0)
H2

K
K+
KOH
KSO4-

Mg
MgCO3
Mg+2
MgHCO3+
MgOH+
MgSO4

N(-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N(3)
NO2-

N(5)
NO3-

Na
Na+
NaCO3-
NaHCO3
NaOH
NaSO4-

o(0)
o2

s(-2)
HS-
s-2
H2S

s (6)
NaSO4-
so4-2
CaSO4
MgSO4
KSO4-
HSO4_
CaHSO4+
NH4SO4-

5.122e-002
3. 179e-006
2.064e-006
6.821e-001
4. 605e-007
1.594e-008

4.505e-006
3.179e-006

2Le-OO7
33e-007
15e-0 1 0
1 7 e-Ot2
36e-021

57e-006
0. 000e+000

0. 000e+000
4. 335e-007

4.335e-007
9 .425e-0L3
3.246e-074

5. 513e-007

51e-006
90e-006
77 e-012
18e-0L2
46e-014
53e-01 6
36e-02]-
00e+000

-8 .56 -L2.9'J.
0.37 -7.94
0.s2 -'t .94

1_24.76 -127 .59

2 .965e-002
1.802e-005
1. 170e-005
3. 94 9e-007
2. 610e-006
9. 473e-008

1.802e-005
3.949e-00'7
1.096e-006
1.078e-009
2.368e-011
'J,.686e-020

2.599e-007
5.343e-012
L.929e-0L3

2. 610e-006
2.7 65e-007
9. 473e-008
4 .526e-009
6 .67 5e-012

-L.29L
-5. 4 98
-5. 685
-6.1_66
-6.337
-'7 -'t98

-1.528
-4 .7 44
-4.932
-6 .404
-s.583
-7.O24

31
53
53
3"1

53
74

-5.498
-6.L66
-6.!92
-9 .'7 4L

-11.379
-20.547

-4.'7 44
-6.404
-5. 960
-8.96't

-10.626
-1_9 .7'13

0.753
-0.237
0.231
0.774
0.753
0.'17 4

-0.2
0-7
0.7

-0.2
0.7
0.7

0.2
0-7
0.7
0.7
0.'t

6.8
6.4
1.8
4.1-
2.8

1.357e-005
1.3

2.3
2.2
4.L
1.1
3.2
2.'1,
2.8
0.0

8. 133e-007 -5. 868 -6.090 -0 .222

0. 000e+000 -40. 819 -40.066 0. 753

4.605e-007
7 . 4 13e-008

0. 000e+000
0. 000e+000
0 - 000e+000

2.552e+00!
4.225e+000
4 .255e-001
9. 996e-004
1.397e-005

-6.363
-12.026
-13.489

-5L.265
-51.88s
-58.311

-L29 .628
-1.32.060
-133.634

-5.629
-5. 640

-11 - 379
-LL.929
-13.489
-L5 .667
-20.547
-58 - 311

-6.585
-LL.272
-L2.7L5

-51. 693
-51. 131
-57 .537

-129.963
-L33.072
-132.881

-0.222
0.753
0.7'14

-6.337
-7 - 130
-7.798
-9.118

-\L.929

-5. s83
-6.558
-'t .024
-8.344

-11".17 6

0.753
0.572
0.774
0.77 4
0.753

l-.594e-008
7 - 617e-010
1.L7 8e-OL2

0. 000e+000
0. 000e+000 0 .428

0.753
0 -'77 4

0.000e+000
0. 000e+000

1. 621e-005
8. 105e-006

2.'153e-0L3
2 .753e-013

2.2L8e-005
2.2L8e-005

1 .47 2e+0OL
1.394e+001
7.110e-001
7.506e-002
L.7 64e-004
2. 351e-006

1. 168e-014
5.842e-015

0. 000e+000
0. 000e+000
0.000e+000
0.000e+000

4.641e-005

L.144
-0. 148
-L.125
-3.754
-5 .629

1.407
0 .626

-0.371
-3.000
-4.855

63
74
53
53
't4

4.594e-005 -5.091 -4.338 0-753

1. 158e-013 -12.560 -L2.936 -0.376

9.331e-006 -4.654 -5.030 -0.376

3.312e-01-4 -L4 -233 -13.480 0.753

0.0
0.0
0.0

00e+000
00e+000
00e+000

-0.335
-1.01-2
0. 753

1.397e-005
1. 114e-007
2.368e-011
6 .67 5e-012
1. 929e-013
'1.27 9e-Q'15
1. 686e-020
0. 000e+000

-4.855
-6. 953

-L0 .626
-LL.L7 6

-L2.7L5
-14.893
-19.773
-57 - 53?

0.774
-1.313
0.753
0.753
o.'t'l 4

0.774
0.774
0.774

---Saturation indices---------

Phase SI log IAP log KT

Anhydrite
Aragonite
Calcite
cHa (g)

CaSO4
CaCO3
CaCO3
CH4

-4.3s
-8.32
-8 .46
-2.83



co2 (s)
Dolomite
Glpsum
irz (s)
H2o(s)
H2S (s)
Halite
N2 (s)
NH3 (s)
02 (s)
Sulfur

-3.50
0:53

-8. s9
-36.93
-l-. ?1

-13L.92
-6.26
-r..09

-52.96
-10.61

-100. 90

-4-93
-L6.49
-r,3.17
-40.07
-0. 13

-132 .88
-4. 68
-4.34

-s1 - 13
-13.48
-95. 95

-r_.43
-t7.42
-4.58
-3.14

r_.59
-0. 96
L.58

-3.25
1. 83

-2.87
4 .95

co2
CaMg (Co3) 2
CaS04 z2H2O
H2
H20
H2S
NaCl
N2
NH3
02
s

End of simulation.

Reading input data for simulation 2.

End of run.



Input fite: C:\Documents and Setti-ngs\Jennifer\My Documents\BAsF-Hannibal MO\PHREEQ

\010510\rain\mix rain NaOH and calcite GItI.pgi
Output file: C:\Documents and Settings\Jennifer\My Documents\BAsE-Hannibal MO\PHREEQ

\01-0510\rain\mix rain NaOH and calcite Ghl.pqo
Database file: C:\Program Files\USGS\Phreegc Interactive 2.'J,5.0\phreeqc.dat

Reading data base

SOLUTION MASTER SPECIES
SOLUTIONIPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE}PECIES
SURFACE MASTER SPECIES
SURFACEJPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreeqc lnteractive 2.L5. 0\phreeqc. dat
SOTUTION 2 NaOH

tenp
pH
pe
redox
units
density
Na
c
Ca
c1
K
Mg
N (s)
s(5)
water 1

0
o

2
9
8 .565
pe
mmo1,/kgw
1
14.'12 Mol/kgw
0.9295
4.505e-006
1. 354e-006
4.335e-007
5.513e-007
2.2'LBe-005
4 . 64l-e-005
*ks

SOLUTION 1 Gw G eqb w/ Calcite
temp 20
pH 7.301
pe -1.841
redox pe
units mmol/kgw
density 1

Ca 0.001789
c 0.003961
water 1 * kg

SAVE solution L-2
MfX 1 Mix NaOH and GII G egu w,/ calcite

L 0.4
2 0.6

Beginning of initi-a1 solution calculations.

Initial solution 1. GW G eqb w/ Calcite

---------Solution composition--------

Elements Mola1ity Moles

C 3.961e-006 3.95Le-006
Ca 1.789e-006 1.789e-005



-Description of solution--

Percent error,

Species

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (nol/kg)
Temperature (deg C)

Electrical balance (.q)
100* (Cat- lAnl ) / (Cat+ lAn | )

Iterations
Tota1 H

Total O

-0. 65
=3: 1..110124e+002
: 5.550623e+001

= 7.301
= -1.841

-"
=1
=3
_?

=2:_4

1. 000
.444e-006
.000e+000
.626e-006
. 961e-006
0. 000
.751e-008

-Distrj-butlon of specj-es---

Log Log
Molality Activity Molality Activity

Log
Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o (0)
02

1.361e-007
5.014e-008
5.551e+001

1. 058e-025
1.058e-025

3. 961e-006
3.533e-006
4.245e-407
3. 000e-009
7.328e-011
8 .056e-012

1.789e-006
1.789e-006
?.328e-011
8.056e-012
5. 889e-012

1.791e-014
8. 953e-015

0. 000e+000
0.000e+000

1.358e-007
5. 000e-008
1. 000e+000

3. 524e-006
4.245e-047
2. 968e-009
7.309e-011
8. 056e-012

1.770e-006
7.309e-011
8. 056e-012
5. 873e-012

-6.867
-7 .301
-0. 000

-0. 001
-0. 001

0. 000

-6. 866
-7. 300

1.7 44

1- 058e-025 -24.975 -24.9'15 0.000

-5 .452
-6.372
-8. 523

-10 - 135
-11. 094

-5.453
-5.372
-8.528

-1_0. 136
-11.094

-0. 001
0. 000

-0. 00s
-0. 001

0. 000

-5."147
-10 - 135
-11.094
-LL.230

-0. 005
-0. 001
0-000

-0. 001

-5.752
-10.136
-11. 094
-]-L.23L

8. 953e-015 -14 . 048 -14 . 048 0. 000

0.000e+000 -65.925 -65.925 0. 000

---Saturation indi-ces--------

Phase SI log IAP 1og KT

Aragonite
Calcite
cHa (g)
co?lg)
H2ls)
H2o (q)
02 (sl

-5.97
-s. 83

-22.1,6
-4.97

-10.92
-L .64

-63. 07

-L4.28
-14.28
-24.98
-6.3'l

-14 .05
-0. 00

-65. 93

-8.31
-8 .45
-2.82
-L.4L
-3. 13
1.64

-2.85

CaCO3
CaCO3
CH4
coz
H2
H20
02

Initial- solution 2 NaOtI

---Solution eomposi-tion------

Elements Molality MoIes

C

Ca
c1
K
Mg
N (s)
Na

9.295e-004
4.505e-009
1.354e-009
4. 335e-010
5.513e-010
2 . 2 18e-008
1 . 4 72e+00L

9.295e-O04
4 .505e-009
1.354e-009
4.335e-010
5.513e-010
2.218e-008
l-.472e+00L



s (6) 4.641e-009 4.641e-009

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 100* (Cat-lAnl ) /(Cat+lAnl )

fterations
Total H
Total O

Species Mola1ity Activity

=7
_1
-I

1
:9

9. 900
8.565
0.750
.350e+000
. 000e+000
.999e-003
.295e-004

20. 000
L .47 2e+00L
99 .99
I

. 110128e+002

.550928e+001-
-t
_E

-Distribution of species---

.713e-005

.788e-010

.551e+001
0. 000e+00

.013e-004

.l-17e-005

.377e-005

.326e-005

.296e-009

. 102e-011

.506e-01-2

.L69e-012

.201e-013

.478e-009

.102e-011

.506e-01-2

.280e-0L2

.731e-017
-854e-026

1. 354e-009
1.354e-009

0 - 000e+000

4 .335e-01
- 000e+000

.335e-01-0
- B37e-016
.239e-020

5.513e-010
5. 434e-010
4 .627 e-0L2
3.L69e-0L2
1.201e-013
7 .72Le-jLB

2.2LBe-008
2.218e-Q08

1-.472e+00t
'1.412e+001
7. 013e-004
1.896e-004
8.377e-005
2 .473e-009

4.043e-005
1.259e-01-0
7 . 4 98e-001

Log Log
Molality Activity

-4.060 -4.393
-9.7 48 -9. 900

L -'144 -0.1-25

Log

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
NaHCO3
HCO3-
co2
CaCO3
CaHCO3+
MqCO3
MgHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

CI
U.L-

H (0)
H2

K
K+
KOH
KSO4-

Mg
Mg+2
MqOH+
MgCo3
MqHCO3+
MqSO4

N (s)
NO3-

Na
Na+
NaCO3-
NaOH
NaHCO3
NaSO4-

-0
-0

0

8
1

5
0
0

t_

-2
-2
-3
-7

Gamma

0 .'146
-0. 945

0.'136
-0.236
0.'136
0.736

-0.236
0.736
0 .146

333
152
000

000e+000 0. 000e+000 -131.032 -130 .296 0.736
9.295e-004

7
9
8
5
2
2
4

3
1

4.505e-009
4

2
4

1
2
1

3. 910e-003
1 - 034e-005
4.561e-004
3.091e-005
1.250e-008
1. 145e-010
2 .615e-0L2
'1.725e-0L'L
6. 696e-013

7 .2L9e-009
1. 145e-010
2.615e-012
7 .135e-01-2
1. 487e-016
1 - 034e-025

2.594e-010
5. 357e-015
1.806e-019

2.524e+001
3. 910e-003
1.033e-003
4.561e-004
1.379e-008

-3.154
-4 - 040
-4.07't
-4.27 4

-8. 639
-L0 .6't7
-1r..346
-1L.499
-1"2.920

-2 .408
-4.985
-3.341
-4.510
-7. 903
-9.941

-11 - 583
-10.753
-L2.1-7 4

-8.349
-L0.677
-Ll.346
-11.893
-L6.564
-25.732

-9 - 363 -9.586
-15 . 007 -14 .271"
-19 - 4 90 -18 -'? 43

-8.]-42
-9.941

-11. s83
-LL.147
-15. 828
-24.986

.207

.'136
-236
.7 46
.7 36
.7 46

8 . l-02e-010 -8 . 868 -9. 091 -0 .223

0. 000e+000 -40 .794 -40. 058 o -'736

0
0

-0
0
0
0

0.
0.
0.
0.
0.

0
0
4
9
3

0.223
0.736
0.746

1.888e-009
2 .580e-011
1.725e-011
6. 696e-013
4.204e-01.7

-8 -"124
-10.588
-r.0. 7 63
-L2.'J."14
-L6.37 6

54t
746
736
't 46
736

-1
65
35

-LL.499
-1_2.920
-'J.7.112

9.379e-009 -7.654 -8.028 -0.374

9.2
l-.3

1.158
-3. 154
-3.722
-4.07"1
-8. 607

.4L9

.408

.986

. 341

.860

0.25L
0 .'146
0.736
0-736
0 .'146



o (0)
o2

s(6)
NaSO4-
so4-2
CaSO4
MgSO4
HSO4-
KSO4-
CaHSO4+

2.569e-015
1.284e-015

4.641e-009
2.473e-009
2.168e-009
2.'l3]-e-01'l
7 .'l2te*OIB
2. 136e-019
3.239e-020
1-.854e-026

1.379e-008
1.083e-010
1.487e-016
4.204e-0t7
1. 191e-01-8
1. 806e-019
l-. 034e-025

-7.860
-9. 96s

-15.828
-16.37 6

-17 .924
-L8 -7 43
-24 .986

0.746
-1.301

0. 736
0.736
0.746
0.746
0 .146

6. 994e-015 -L4.89L -14 . 155 0. 736

-8 . 607
-8.664

-16 - 564
-'l-7 .1-12
-18.670
-19. 490
-25.132

----Saturation indices--------
Phase SI log IAP log KT

Anhydrite
Aragonite
Calcite
CH4 (g)
co2(s)
Dolomite
Gypsum
H2 (s)
H2o (q)
Halite
02 (s)

-L3.76
-4.82
-4 .67

-127.48
-5.50
-9.86

-13. 78
-36. 93
-1.77
-9.24

-l-1.30

-18.11
-13. 13
-13. 13

-130. 30
-7.90

-26.84
-18.36
-40. 06
-0. l_3

-7 .67
-1-4 -L6

-4.34
-8 .31
-8. 45
-2.82
-1.41

-L6.97
-4.58
-3. 13

1.64
1.57

-2.85

CaSO4
CaCO3
CaCO3
CT.I4

ca2
CaMg (Co3) 2
CaSO4:2H2O
H2
H20
NaCl
o2

Beginnj-ng of batch-reaction calculations.

Reaction step 1.

Using mix 1.

Mixture 1.

Mix NaOH and GW G equ w,/ calcite
Mix NaOH and GW G equ w,/ calcite

00e-001- Solution 1 GW G eqb w,/ Calcite
00e-001 Solution 2 NaOH

--Solution composition------

Elements Mola1ity Mo1es

4.0
6.0

C
Ca
CI
K
Mg
N
Na
S

5. 593e-004
7. 183e-007
8.124e-010
2. 601e-010
3.308e-010
1. 331e-008
8.832e+000
2.785e-009

5 .593e-004
7.183e-007
8.124e-010
2 . 601e-010
3.308e-010
l- .331e-008
8 .832e+000
2 .785e-009

-Descrlption of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Total alkalini_ty (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

ElectricaL balance (eq)
Percent error, 100* (Cat-lAnl ) /(Cat+lAnl )

Iterati-ons
Total H

748 Charge balance
092 Adjusted to redox eguilibrium
850
1.6e+000
00e+000
01e-003
93e-004

_A
1_I

_1_I

t

9.
9.
0.
.4
.0
.2
-5: 20. 000

8. 831e+000
99 .99

=zz
= 1-.1-L0127 e+002



Total O : 5.550806e+001

-Distribution of species---

Species Molality Activity
Log Log Log

Molality Activity Gamma

oH-
H+
H20

c(-4)
CH4

c(4)
NaCO3-
NaHCO3
co3-2
HCO3-
co2
CaCO3
CaHCO3+
M9CO3
MgHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+
CaSO4
CaHSO4+

CI
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
NIg+2
MgOH+
MqCO3
MgHCO3+
MgSO4

N(-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N(3)
NO2-

N(s)
NO3-

Na
Na+
NaCO3-
NaOH
NaHCO3
NaS04-

o (0)
o2

s(-2)
HS-
s-2
H2S

s(5)
NaSO4-

0. 000e+000

3.233e-005
1.784e-010
8 . 4 99e-001

8.783e-004
1. 453e-004
6. 1-75e-006
2.616e-005
l-.324e-008
4.020e-009
1.302e-010
L.77 6e-012
9. 768e-014

1.479e-010
2.443e-0L5
'7 .328e-020

0. 000e+000
0. 000e+000
0. 000e+000

9. 872e+000
83e-O04
06e-004
53e-004
92e-009

0.000e+000
0. 000e+000
0.000e+000

.623e-005

.506e-010

.551e+001
0.000e+00

5.593e-00
. 137e-004
.254e-005
.907e-005
.393e-005
- 788e-009
.454e-009
- 186e-010
.423e-013
.601e-014

7. 1B3e-007

8.L24e-01-

0. 000e+000
0. 000e+000

2. 601e-010

3.308e-01

. 601e-010
- 836e-015
.452e-020

.284e-01-0

.67 5e-012

.423e-0L3

.601e-014

. 8 55e-01-8

.000e+000

.000e+000

.000e+000
8 .293e-014

4 -'J"47 e-014
4.273e-0L1

" 4.273e-0]-7
1. 331e-008

1.331e-008
8. 832e+000

8 .831e+000
4. l-37e-004
L.t24e-004
5.254e-005
1.739e-009

2.066e-0L3
1.033e-013

0.000e+000
0. 000e+000
0. 000e+000
0.000e+000

2.785e-009
1.739e-009

6
2
5
0

0
4
4

5
4
4

4

1
2
6
4

2
I
3
0
3
1
6
4

1

000e+000 0. 000e+000 -133.826 -133.385 0 .442

-4.L79 -4.490 -0.311
-9. 601 -9.'7 48 -0. 148

1,.7 44 -0. 0? 1 0 . 000

-3.383
-4.27 9

-4 .309
-4.357
-8.320
-8.837
-9. 650

-L2.t92
-13.337

-9- 585 -9.830 -0.245
-15 . 054 -L4 .612 0 .442
-L9.462 -19. 135 0 .327

-3.056
-3.838
-5.209
-4.582
-"t .878
-8. 396
-9. 885

-11.751
-13. 010

327
442
900
225
442

.442

.225
- 442
-32't

.165e-007

.454e-009

.186e-010

.581e-010

.251e-01-5

.888e-024

-6.145
-8 - 837
-9. 660
-9.801

-L4.648
-23.539

-6.372
-8 .396
-9. 885
-9 .47 4

-14.206
-23.2L2

-0.227
0 .442

-0.225
0.32'l
o .442
0.32'7

0.
0.

-0.
-0

0
0

-0
0
0

4.245e-007
4.020e-009
1.302e-010
3. 355e-010
5.224e-015
6.L3Le-024

.124e-010 4.620e-0LQ -9.090 -9.335 -0.245

1

1

2
1
2
2
0
I

0.000e+000 -4L.25]- -40.809 0.442

0
0
0

3 .254e-010
3.555e-012
1.77 6e-012
9.768e-014
5. l-56e-018

-9 .484
-1.1. .7 7 6
-L2.L92
-13. 337
-t7.729

-9. 488
-1.1.449
-11. ?51
-13 - 010
-17.288

-0.004
0.327
0 .442
0.32'l
0 .442

-0.390
0 .442
o.327

1. 146e-013 -13.382 -L2.941. 0.442

1. 925e-017 -16.359 -L6.7]-6 -0.346

5.995e-009 -'7.876 -8.222 -0.346

-56.426 -56. 816
-s5 - 909 -56. 4 68
-66.1.45 -65.819

-135. 902
-139.222
-138.640

0.946
-3.383
-3 -949
-4.2't9
-8.7 60

0.994
-3. 0s6
-3.508
-3.838
-8.433

0.048
0.327
0 .442
o .442
o -327

-135.590
-L38.266
-139. 082

-0.31_1
-0. 956

o.442

8.7
3.1
L.4
3.6

2 - B56e-01-3 -12.985 -12.544 0 .442

3. 692e-009 -8.760 -8.433 0.327



so4-2
CaSO4
MgSO4
HSO4-
KSO4-
CaHSO4+
NH4SO4-

1.046e-009
2.251e-Ql5
1. 865e-018
5 - 659e-019
3.452e-020
2.888e-Q24
0. 000e+000

7.705e-011
6.224e-0L5
5. 156e-018
1.201e-018
'1.328e-020
6.13Le-024
0. 000e+000

-4.34
-8 .3r.
-8.45
-2.82
-1.41

-16.97
-4.58
-3. 13
t.64

-0. 94
L.57

-3.24
1. 87

-2.85
s. 00

-8 - 981
-14.648
-17 .729
-t8.247
-19.462
-23.539
-66.L46

-10. 113
-L4.206
-t't -288
-L't.920
-19. 135
-23.212
-55.819

-1. 133
0 .442
0 .442
0.327
0.32-t
0.327
0.327

---Saturation indices---------

Phase SI 1og IAP log KT

Anhydrite
Aragonite
Calcite
cH4 (s)
co2 (sl
Dolomite
Gypsum
H2(s)
H2olg)
H2S (s)
HaIite
N2 (s)
NH3 (s)
02(sl
SuIfur

-12.L4
-3.28
-3. 13

-l_30. 57
-6.47
-9.31

-1.2.05
*37. 68
_L.7L

-137 .70
-9.91
-9.70

-58.34
-9. 69

-r_05. 96

-16.49
-11.58
-11.58

-133.38
-7.88

-26.28
-16. 63
-40.81
-0. 07

-138. 64
-B-34

-!2.94
-56.47
-12.54

-100. 96

CaSO4
CaCO3
CaCO3
CH4
coz
CaMg(Co3)2
CaSO4:2H2O
H2
H20
H2S
NaCI
N2
NH3
02
s

End of simulation.

Reading input data for simulation 2.

End of run.



Run 5 continued
fnput file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\eqb mix 1 with calcite and co2.pqi
Output fi-le: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PIIREEQ

\01-0510\rain\eqb mix 1 wj-th calcj-te and co2.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat

Reading data base

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
SURFACE I,TASISN SPECIES
SURTACE}PECIES
RATES
END

Reading j-nput data for simulatj_on L.

DATABASE C: \Program Files\USGS\Phreegc Interactive 2.L5. O\phreeqc.dat
EOUILIBRIUM PHASES 1

co2 (s) - -2 to
Calcite 0 10

SOLUTION 1
temp
pH
pe
redox
units
densi-ty
c .0005s93

. L83e-007

.].'24e-0L0

.601e-01-0

.308e-010

.331e-008

.832

.785e-009
#ks

20
9.748
9.O92
pe

kgwnunol

Ca

1
0
7
I
2
3
1-

8
2

cl-
K
Mg
N (s)
Na
s (5)
water 1

Beginning of initial solution calculations.

Initial solution 1.

---Solution composition------

Elements Molality Moles

C
Ca
c1
K
Mg
N (s)
Na
s (6)

5.593e-007
7. L83e-010
8. 124e-013
2. 601e-013
3. 308e-013
1.331e-011
8. 832e-003
2.785e-OL2

5.593e-007
7.183e-0L0
8. 124e-013
2.601e-0L3
3 .308e-013
1.331e-011
8. 832e-003
2.785e-012

pH
pe

Activity of water

9.748
9.O92
1. 000



Ionic strength
Mass of water (kg)

Total alkalinity (eqlkg)
Total CO2 (mo1/kg)

Temperature (deg C)
Electrical balance (eq)

100* (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Total H

Total O

Molality

4.083e-005
1. 906e-010
5. 551e+001

0. 000e+000
0. 000e+000

5.593e-007

.437e-003

.000e+000

.183e-005

.593e-007
= 20. 000

8.790e-003
: 99. 06

4

= 1- -L\O1-25e+002
: 5.550626e+001

=4
=1
=4

E_J

Percent error,

-Distribution of species---

Log Log Log
Molality Activity GarrunaSpecies

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co3-2
NaCO3-
NaHCO3
co2
CaCO3
CaHCO3+
MgCo3
MgrHCO3+

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+
CaSO4
CaHSO4+

C1
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
l4g+2
MgOH+
MgCo3
MqHCO3+
MgSO4

N(s)
NO3-

Na
Na+
NAOH
NaCO3-
NaHCO3
NaSO4-

o(0)
o2

s(6)
so4-2
NaSO4-
CaSO4
HSO4-

7. 183e-01

8 -1-24e-0L

.228e-00'l

.227 e-007

.184e-008

.824e-009

. 696e-010

.7 46e-014

.694e-015

.042e-0]-7

.209e-018

.L7"1e-0L0

.422e-0L3

.7 46e-0]-4

.694e-015

.107e-019

.234e-028

.L24e-0L3

Activity

3. 800e-005
1.785e-010
9. 998e-001

3. 945e-007
9.299e-008
1. 103e-008
l-. 825e-009
1. 598e-010
7 .754e-0L4
2 .513e-01-5
2.044e-01't
1.126e-018

5.437e-01-0
5. 050e-013
7.754e-01-4
2.513e-015
2.109e-019
2.080e-028

2 - 421-e-01-3
4 . 598e-018
3 -1-7 4e-024

8 .231e-003
3.043e-007
1. 103e-008
1.825e-009
8.145e-014

2.039e-Ol2
8. 145e-014
2.109e-019
3. 183e-020

-9.1,44
-L2.266
-r.3. 111
-74.570
-18.676
-27.65L

-9.265
-12.297
-13. 110
-14.600
-L8 .67 6
-27 .682

-0.1.2L
-0. 031

0. 000
-0. 030
0.000

-0.031

-4.389 -4.420 -0.031
-9.720 -9.'748 -0.028

'J,.7 44 -0. 000 0. 000

0.000e+000 -135.414 -135.413 0. 000

4

1

1
1

1
7

2
2
1
0
7

5
't

2
2

-6 .3't 4
-6. 911
-7.927
-8.739
-9.77]-

-13. 111
-14 .570
-16. 690
-17.918

-6.404
-7 .032
-7.958
-8.739
-9.'170

-13.110
-14.600
-16. 690
-L7 .949

30
20
31
00
00
00
30
00
31

-0. 0

-0. 1

-0. 0
0.0
0.0
0.0

-0.0
0.0

-0-0

2
3
I

0. 000e+000
0. 000e+000

2. 601e-013
2. 501e-013
4 .593e-018
3.4OBe-024

3. 308e-013
3.2"13e-0L3
3.429e-015
2.042e-0L7
1.209e-018
1-.042e-022

1.331e-011
1. 331e-011

B. 832e-003
8. 832e-003
3.040e-007
l-. 184e-008
1. 824e-009
8.7 45e-0L4

7. 858e-013
3. 929e-013

2.785e-01,2
2 .698e-OL2
8.745e-014
2.L07e-019
3.4L7e-020

7 .561e-013 -L2.090 -1,2.12L -0. 031

0. 000e+000 -40. 808 -40.808 0. 000

-12 . 585 -1,2 .61,6 -0. 031
-17.329 -L7.328 0-000
-23 -468 -23.498 -0.031

00
31
00

1.238e-011 -10. 876 -10. 907 -0.032

2 .487 e-0L3
3.193e-015
2.044e-017
1.126e-018
'J-.043e-022

-12 .485
-L4.465
-16. 690
-17.91-8
-21.982

-L2.604
-L4.496
-15. 690
-1-7 .949
-21.982

-2.054
-6.517
-7 .927
-8.739

-13 .058

-2. 085
-6.5L7
-7. 958
-8.739

-13. 089

-0.031
0. 000

-0. 031
0-000

-0 - 031

-0. 119
-0. 031
0.0

-0. 0
0.0

3 . 933e-013 -12 .406 -1.2 .405 0. 000

-r.1.569
-13.058
-78 .67 6

-L9 .466

-11. 691
-13. 089
-L8.67 6

-L9.497

-0.122
-0.031

0.000
-0.031



MgSO4
KSO4-
CaHSO4+

L.042e-022 L.043e-022 -2L.982 -2t.982 0.000
3.4OBe-024 3.174e-024 -23.468 -23.49A -0.031
2-234e-028 2.080e-028 -27.651, -27.682 -0.031

---Saturation indices---------
Phase SI 1og IAP 1og KT

Anhydrite
Aragonite
Calcite
CH4 (q)
coz (s)
Dolomite
Glpsum
H2 (s)
H2o(ql
Halite
02 (s)

-L6.6t
-7 .99
-7 .84

-132.60
-8.36

-18.96
-L6.3't
-37. 68
-1. 64

-15.78
-9.55

-20.96
-16.30
-1 6. 30

-135. 41
-9.77

-35. 93
-24.96
-40.81
-0. 00

-1-4.21
-L2.41,

-4.34
-8. 31
-8.45
-2.82
-1- .47

-16 .97
-4 .58
-3. 13
L.64
1.57

-2.85

CaSO4
CaCO3
CaCO3
CH4
co2
CaMg (Co3) 2
CaSO4:.2tl2O
H2
H20
NaCl
02

Beginning of batch-reaction cal_culations.

Reaction step 1.

Using solution 1.
Using pure phase assemblage 1.

----Phase assemblage---------

Phase

Calcite
co2 (q)

Sr 1og fAP log KT
Moles j_n assemblage

Initial Final Delta

0.00 -8.45 -8.45 1.000e+001 9.998e+000 -1.866e-003-2.00 -3.41 -L.4L 1.000e+001 9.998e+000 -2.2BBe-003

--Solution composition--------
Elements Molality Moles

c
Ca
c1
K
Mg
N
Na
s

4. 154e-003
1.865e-003
8. 124e-013
2.601e-013
3.308e-013
1.331e-011
8. 832e-003
2.785e-0L2

4.154e-003
1.856e-003
8. 124e-013
2.601e-013
3.308e-013
1.331e-01-1
8.832e-003
2.785e-012

--Description of solution-

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mo}/kg)
Temperature (deg C)

Electrical balance ("q)
Percent error, 1es* (cat- lAn I ) / (catjl*ll

Tota1 H
Total O

7.31-3 Charge balance
11.534 Adjusted to redox equilibrium

l_. 000
9. 902e-003
1.000e+000
3. 773e-003
4. 154e-003
20. 000
8.790e-003
54.33

9
. 1l-0125e+002
.551643e+001

_T
_E

--Distribution of species---------



Species Molality Activity
Log

Molality

-2 - 433
-3-408
-4.279
-4 .826
-5.269
-5.368
-5. 435

-14.034
-L5.256

-12 - 585
-\9.778
-23.579

-54.861
-55.996
-6s.555

-135 - 443
-t35 .7 92
-L4L. O72

Log
Activity

-r2 - 630
-19.777
-23 .623

-54.908
-56. 995
-65.599

-135.488
-135.791_
-1,4L.245

Log
Gamma

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co2
CaHCO3+
NaHCO3
CaCO3
co3-2
NaCO3-
MgHCO3+
MgCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

C1
c]-

H(0)
H2

K
K+
KOll
KSO4-

M9
lrlg+2
MgHCO3+
MgCo3
MgOH+
MgSO4

N(-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N (3)
NO2-

N(s)
NO3-

Na
Na+
NaHCO3
NaCO3-
NAOH
NaSO4-

o(0)
o2

s(-2)
HS-
H2S
s-2

s(6)
sa4-2
CaSO4
NaS04-
HSO4-

1.547e-007
5.324e-008
5.551e+001

0. 000e+000
0.000e+000

4 . 154e-003
3 . 68 6e-003
3. 910e-004
5 . 2 54e-005
1.494e-005
5.388e-006
4 .283e-006
3. 675e-007
9.240e-01-5
5.548e-016

1.856e-003
1. 808e-003
5.264e-005
5.388e-006
4 .598e-009
3. 652e-013
1.089e-019

8.124e-013
8. 124e-013

0. 000e+000
0.000e+000

2 - 601e-013

-6.811
-'t .27 4

t-744

-6. 8s6
-7. 313
-0. 000

-0. 045
-0. 039

0. 000

1. 394e-007
4.868e-008
9. 997e-001

0. 000e+000

3 - 340e-003
3. 919e-004
4.771e-005
1 . 4 97e-005
5.401e-006
2.889e-006
3. 319e-00?
8.345e-015
5. 561e-016

1.219e-003
4.7?1e-005
5. 401e-006
4. 153e-009
3. 660e-013
9.837e-020

2 .345e-013
1. 670e-020
2.380e-024

2.178e-013
8.345e-015
5.561e-015
1-026e-0'l-7
'l .069e-023

0 - 000e+000
0. 000e+000
0. 000e+000

7. 973e-003
1. 4 97e-005
3.319e-007
1. 082e-009
6 - 107e-014

00e+000
00e+000
00e+000

1.578e-012
3. 650e-013
6. 107e-014
6.714e-018

-0. 045
0. 001_

-0.044

-0.046
0. 001

-0 -044

045
001
t73

-129.107 -129.70b 0. 001

-2.47 6

-3.40'7
-4.321
-4.825
-5.268
-5. 539
-6.47 9

-14 .07 9

-1s. 255

-0.043
0. 001

-0. 043
0.001
0.001

-0. 17 1
-0.044
-0.044
0. 001

-2.'7 43
-4.279
-5.269
-8. 33?

-12.438
-18. 963

-2 .914
-4.32L
-5.268
-8.382

-'J.2.437
-19. 007

-0.171
-0. 043

0.001
-0. 044

0.001
-0.044

?.325e-013 -t2.090 -L2.135 -0.045

0. 000e+000 -40.823 -40 .822 0.001

.601e-013

.666e-020

.635e-Q24
3.308e-01

0. 000e+000
0.000e+000
0. 000e+000
0. 000e+000

2 -204e-0L4
1. 102e-014

3.52Le-Q20
3.521e-020

1 . 32 9e-011
1.329e-01-1

I .832e-003
8. 817e-003
1.494e-005
3 - 675e-007
1.079e-009
6."l6te-0L4

8 .368e-013
4 .184e-013

0. 000e+000
0. 000e+000
0 - 000e+000
0,000e+000

2.785e-0L2
2.352e-012
3. 652e-013
6.761e-01-4
7.434e-018

-2.055
-4.826
-6. 435
-8. 967

-r_3. 170

-2.098
-4.825
-6.47 9

-8. 966
-L3.2t4

-0.044
0. 001

-0.044
0.00L

-0.044

2
L

2
3
3
9
5
1
't

. 2 10e-013

.240e-015

.548e-016
- 136e-017
.053e-023

-12.493
-14.034
-L5.2s6
-L6.94s
-22.1-52

-L2.662
-14 .07 9

-15.255
-16. 989
-22.LsL

-0. 169
-0.044
0. 00r.

-0.044
0.001

1. 104e-014 -13.958 -13. 957 0. 001

3.169e-020 -19.453 -19.499 -0.046

1. 196e-011 -10. 877 -1,0.922 -0.046

4.194e-013 -12.378 -L2.37'l 0. 001

0.0
0.0
0.0

-0
0

-0

-0
0

-0
-0

-Ll.529
-t2 .438
-13. 170
-17.]-29

-11.802
-12.437
-L3.2L4
-L7 .'l-73

173
001
044
044



CaHSO4+
MqSo4
KSO4-
NH4SO4-

1.089e-019
7.053e-023
2.635e-024
0. 000e+000

9.837e-020
7.069e-023
2.38Oe-024
0.000e+000

-18. 963
-22.L52
-23.s79
-65. 555

-r.9. 007
-22.L5L
-23.623
-55.599

-0 - 044
0. 001

-0.044
-0.044

----Saturation indices--------
Phase SI log lAP 1og KT

Anhydrite
Aragonite
Calcite
CH4 (q)
coZ (s)
Dolomite
Gypsum
H2(s)
H2o(q')
H2s(s)
Halite
N2 (s)
NH3 (s)
02 (s)
Sulfur

-10. 37
-0. 15
0. 00

-L26.29
-2.00
-9. 68

-10.13
-37.69
-L.64

-134.85
-15.80
-10.71
-58.87
-9.52

-103. 10

-L4.72
-8.45
-8. 45

*1.29.L7
-3.41

-26.55
-L4.72
-40.82
-0.00

-135.79
-L4.23
-1,3. 95
-57.00
-L2.38
-98. 10

-4.34
-8.31
-8.45
-2.82
-L. 4L

-16.97
-4.58
-3. 13

1-.64
-0.94
1.57

-3.24
L.8't

-2.85
5. 00

CaSO4
CaCO3
CaCO3
CH4
co2
CaMg (CO3) 2
CaSO4;2H2O
H2
H20
H2S
NaCl
N2
NH3
02
s

End of simulation.

Reading input data for simulation 2

End of run.



Run 5 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\rain\eqb mix 2 withmontmorillonite.pqi-
Output file: -C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEO

\010510\rain\eqb mix 2 withmontmorillonite-pqo
Database f1le: C:\Program Fites\USGS\Phreeqc Interactive 2.L5.0\phreeqc-dat

Reading data base.

SOLUT ION_MASTER-S PECI ES

SOLUTION-SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
S URFACE_MASTER_S PEC IE S
SURFACE_SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2 -L5. 0\phreeqc. dat
EQUILIBRIUM_PHASES 1

Ca-Montmorillonite 0 10
SOLUTION 1

temp 20
pH 7.313
pe 11.534

pe

.004154

.001866

.1.24e-013

.601e-013

.308e-013

.329e-07L

.008832

.785e-012
#ks

Beginning of initial solution calculations.

Initial solution 1.

---------Solution composition---------

El-ements MoIality Moles

redox
units
density
C

Ca
C1
K
Mg
N (5)
Na
s (6)
water

kqiwnunol,/
1

0
0
I
2
3
1
0
2

1

c
Ca
c1
K
Mg
N (5)
Na
s (6)

4. 154e-006
1. 866e-006
8.L24e-0L5
2. 601e-015
3.308e-0L6
1.329e-014
8. 832e-006
2.785e-015

4.154e-005
1. 866e-006
8. L24e-016
2.601-e-015
3.308e-016
1.329e-014
8.832e-005
2.785e-015

pH 7.313
pe 11.534

Activity of water 1.000
Ionic strength : 1.011e-005



oH-
H+
H20

c(-4)
cH4

c (4)
HCO3-
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
M9HCO3+
MqCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaS04
CaHs04+

C}
c1-

H(0)
H2

K
K+
KOH
KSO4-

Mg
Ylg+2
MgOH+
M9HCO3+
MgCO3
MgSO4

N (s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-
NaSO4-

o(0)
02

s(6)
so4-2
CaS04
NaSO4-
HSO4-
CaHS04+

1. 401e-007
4.882e-008
5.551e+001

0.000e+000
0. 000e+000

4 .154e-006
3.717e-005
4.339e-007
3. 254e-009
8.009e-011
1. 832e-011
9.042e-012
4. 080e-013
1.390e-020
9.235e-022

1 . 8 66e-005
1.866e-006
8. 009e-011
9.042e-012
6.297 e-072
9.597e-019
2 .587 e-025

8.L24e-0L6
8.L24e-01.5

0. 000e+000
0. 000e+000

2. 501e-015
2. 601e-016
L.847 e-023
4.588e-030

3.308e-015
3.308e-016
1.543e-020
1.390e-020
9.235e-022
1.839e-028

L.329e-014
1.329e-0L4

8. 832e-006
8 .832e-006
1.832e-011
l-. 195e-012
4 .080e-013
1. 176e-019

8.393e-013
4. 196e-013

2. 785e-015
2.784e-0L5
9.597e-019
L. L76e-019
1. L70e-020
2.587 e-025

1 - 396e-007
4.864e-008
1.000e+000

3. 703e-006
4.339e-007
3.205e-009
7. 980e-011
1. 832e-011
9.042e-012
4.055e-013
1.385e-020'
9.235e-O22

1.839e-006
7.980e-011
9.O42e-0L2
6.273e-O1,2
9.597e-019
2.577 e-025

2.591e-0L5
1.847e*023
4.571e-030

3.259e-016
1.537e-020
1.385e-020
9.235e-022
1. 839e-028

8.800e-005
1. 832e-011
1.195e-012
4.065e-013
1.17Le-019

2.7 43e-015
9.597e-019
1. 171e-019
1.l-66e-020
2.577e-025

.000e+000

.815e-006

.154e-006
20. 000
8.749e-006
53. r.0

3
. L'l,O'1,24e+002
.550523e+001

-5. 430
-6.363
-8.488

-10. 096
-L0.737
-1"L.044
-1,2.389
-19. 857
-21-o3s

-5.'129
-10.096
-lL.044
-tt.20t
-18.018
-24.58't

-15.585
-22.733
-29.338

-5. 054
-LO.737
-L7.923
-L2.389
-L8. 930

-L4 .555
-18. 018
-18.930
-L9.932
-24.587

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (.q)
Pereent error, 100* (Cat-lAnl )/(Cat+lAnl )

Iterations
Total H
Total O

1f

-a

4

_1
-a
_E

-Dlstribution of species--

Species Molality Activity
Log Log Log

Molalj-ty Activity Gamma

-6.854 -6.855 -0 -002
-7.311 -7.313 -0.O02'J..'144 -0. 000 0 - 000

0.000e+000 -L32.062 -L32.062 0. 000

8.094e-016 -15.090 -L5.092 -0.002

0.000e+000 -40.822 -40.822 0.000

-5.431
-6.363
-8 .494

-10.098
-10.737
-11.044
-L2.391"
-19.859
-21.035

-5.735
-10 - 098
-LL.044
-LL.202
-18.018
-24.589

-15.586
-22.733
-29.340

-'t 4.562
-18. 018
-18. 931
-l_9.933
-24 -589

-0. 002
0. 000

-0.005
-0.002
0.000
0.000

-0.002
-0.002
0. 000

-0. 006
-0.002

0. 000
-0.002
0. 000

-0. 002

-0.006
0. 000

-0.002
-0. 002
-0. 002

L.324e-01,4 -13.876 -13.878 -0.002

-0. 002
0.000

-0. 002

-15. 480
-L9.8L2
-19. 857
-21.035
-27 .'135

-15.487
-19.813
-19. 859
-2L.035
-27 .735

-0. 006
-0.002
-0. 002

0. 000
0. 000

-5. 056
-10.737
-LL.923
-12.39L
-18. 931

-0. 002
0. 000
0.000

-0. 002
-0. 002

4.196e-013 -L2.377 -12.377 0.000



MqSO4
KSO4-

1.839e-028 1.839e-028 -21.735 -27.735 0.000
4.588e-030 4.571e-030 -29 .338 -29.340 -0.002

---Saturation indices---------

Phase SI log IAP log KT

Anhydrite
Aragonite
Calcite
cH4 (s)
co2 (s)
Dolomite
Glpsum
H2(s)
H2o(sl
Halite
o2 (s)

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kg)

Total Co2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
100* (cat- lAnl ) / (Cat+15 I I

Iterations
Tota] H
rofal o

CaSO4
CaCo3
CaCO3
cH4
coz
CaMg (Co3 ) 2
CaSO4:2H2Q
H2
H20
NaCI
o2

6.6L7 Charge balance
L2.232 Adjusted to redox equilibrium
1-000

1.255e-005
1.000e+000
1-.890e-005: .

4. L54e-006
20. 000
8.749e-006
42.54

9
.11,0124e+002
- 550625e+001

-15. 95
-5.92
-5.78

-L29.24
-4.96

-21.24
-L5.72
-3't .69

-L.64
-21.72

-9.52

-20.30
-1_4 -23
-1-4 -23

-132.06
-6.36

-38.2L
-20.30
-40.82
-0.00

-20.15
-L2.38

-4.34
-8.31
-8.45
-2.82
-1.41

-L6.97
-4.58
-3. 13
L.64
1. 57

-2.85

Beginning of batch-reaction calculati-ons.

Reaction step 1.

Using solution 1.
Using pure phase assemblage 1.

----Phase assemblag€--------+

Phase

Ca-Montmorillonite

SI log IAP 1og KT
Moles in assemblage

Initial Einal Delta

0.00 -45.76 -45.76 1.000e+001 1.000e+001 -2.061e-006

Elements Molality Moles

A1
c
Ca
c1
K
Mg
N
Na
S
si

4.8Q2e-005
4. 154e-006
2.206e-006
8. 124e-016
2. 601e-016
3 - 308e-016
1.329e-014
8. 832e-005
2.785e-015
7 .563e-006

4.802e-006
4. 154e-005
2.206e-005
8.L24e-0L6
2. 601e-016
3.308e-015
1.329e-014
8.832e-006
2.785e-015
7 .563e-006

Percent error,

_E

--Distribution of species--



Species Molality Activity
Log

Molality

-6. 615
-7.550

1.7 44

-5.489
-5 .97 4

-6.356
-7.284
-8 .7 47

-L9.852
-27 .533
-32.925

-5. 580
-5.817
-9.334

-10. 175
-10 - 888
-11. 819
-L3.236
-20.008
-2L.882

-5. 656
-10. 175
-11 - 819
-7L.825
-17 .94't
-23.820

-15.585
-23.430
-29.339

tog
Activity

-5.490
-5. 9?6
-6 - 356
-7 .292
-8 - 763

-19.854
-27 .54L
-32.927

-5.582
-5.817
-9.34L

-L0.177
-10. 888
-11.81_9
-1,3.238
-20. 010
-21,.882

-5 .664
-L0.L77
-11. 819
-1L.827
-L7 .947
-23.821

-15.587
-23.430
-29.341

Log
Gamma

-0. 002
-0.002
0. 000

-0. 007
-0.016
-0. 002
-0.007
-0. 002

-0.002
0. 000

-0.007
-0. 002
0.000
0. 000

-0.002
-0.002
0. 000

-0.007
-0.002
0.000

-0.002
0. 000

-0.442

H+
oH-
H20

A1
A1(OH) 4-
AI (oH)2+
A1(OH) 3
A10H+2
Al+3
AlSO4+
ALHSO4+2
A1(SO4)2-

c(-4)
cH4

c(4)
HCO3_
co2
co3-2
CaHCO3+
NaHCO3
CaCO3
NaCO3-
MgHCO3+
MgCo3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+
CaSO4
CaHSO4+

C1
c1-

H (o)
H2

K
K+
KOH
KSO4-

Mg
t'49+2
MqHCO3+
MgrOH+
MgCo3
MgSO4

N (-3)
NH4+
NH3
NH4SO4-

N (0)
N2

N (3)
NO2-

N (s)
NO3-

Na
Na+
NaHCO3
NaOH
NaCO3-
NaSO4-

o (0)
02

4.802e-006

2 .427 e-007
2.821e-008
5.551e+001

2 .4L7 e-007
2. 809e-008
1.000e+000

3.233e-006
1. 057e-006
4. 405e-00?
5. 110e-008
1- .7 27 e-009
1. 400e-020
2.880e-028
1. 184e-033

2. 170e-006
5. 559e-011
1.519e-012
L.490e-012
1. 131e-018
L.509e-024

2.590e-016
3.7L7e-O24
4 .561e-030

3.254e=016
9.776e-02L
3.089e-021
L.3L2e-O22
1.833e-028

0. 000e+000
0.000e+000
0. 000e+000

8.795e-006
1.295e-011
2.405e-013
5 . 7 82e-0L4
1. 169e-019

-6.6L7
-7.551
-0. 000

-0.002
-0. 002

0.000

3.246e-006
1.061e-006
4.405e-007
5. 195e-008
1.7 92e-OO9
1.406e-Q20
2.928e-028
1. 189e-033

0.000e+000
0.000e+000

4. 154e-006
2.629e-006
1.524e-006
4. 638e-010
6. 687e-011
1.295e-011
1.51-9e-012
5. 806e-014
9.815e-021
L.3l2e-022

2.206e-OO6
2.206e-006
6. 687e-011
1.519e-012
1.496e-012
1. 131e-018
1..5L5e-024

8.124e-01,6
8.124e-0'16

0. 000e+000
0. 000e+000

2.601e-016
2. 601,e-016
3.717 e-024
4.580e-030

3.308e-016
3.308e-016
9. 8 16e-02 1
3. 101e-021
1.312e-022
1 . 833e-02 8

0. 000e+000
0. 000e+000
0. 000e+000
0.000e+000

6 .446e-019
3.223e-Ol9

3.498e-023
3 . 4 98e-023

1-.329e-014
1. 329e-014

8 .832e-006
8. 832e-006
L.295e-011
2.405e-013
5. 806e-014
1. 174e-019

8.500e-01"3
4 .250e-013

0.000e+000 -131.527 -131.527 0.000

2. 518e-006
L.524e-006
4 .563e-010
6. 659e-011
1.295e-011
1.519e-012
5.'182e-0L4
9 .77 6e-A2l
L.31.2e-O22

8.091e-016 -15. 090 -15 .092 -0 .002

0.000e+000 -40.825 -40.825 0.000

-o.002
0.000

-0. 002

-15.480
-20. 008
-20.508
-21".882
-27 .737

-15. 488
-20. 010
-20.510
-2t.882
-27 .737

-0.007
-0. 002
-0. 002
0.000
0. 000

-56 .482
-s9.267
-69 -934

-0.002
0.000

-0. 002

-56. 483
-59.267
-69.936

3.223e-Ol9 -Lg .492 -1,8 .492 0.000

3.484e-023 -22.456 -22.458 -0.002

1.323e-014 -13. 87 5 -13 . 878 -0. 002

-0. 002-5. 054
-10. 888
-L2.6t9
-13.236
-18. 930

-5. 056
-10. 888
-12.619
-13;238
-!8.932

.000
- 000
.002
.002

0
0

-0
-0

4 .250e-013 -12 .312 -1,2 .372 0. 000



s (-2)
H2S
HS-
s-2

s(6)
so4-2
CaSO4
NaSO4-
HS04-
A1SO4+
CaHSO4+
A1HSO4+2
MqSO4
KSO4-
A1 (SO4) 2-
NH4SO4-

si
H4Si04
H3Si04-
H2SiOA-2

0. 000e+0 00
0 - 000e+000
0.000e+000
0. 000e+000

0.000e+000
0. 000e+000
0 - 000e+000

-L3't .L7L
-137.563
-144.010

0. 000
-0.002
-0. 007

-1.37 .]-7L
-L3't .564
-t44.017

-5.122
-8 - 41-4

-15. 110

2.785e-015
2. 738e-015
1. 131e-018
l-. 169e-019
5.782e-O20
1. 400e-020
1-.509e-024
2. 880e-028
1 - 833e-028
4.561e-030
1. 184e-033
0. 000e+000

7 .563e-006
7.559e-006 7.559e-006
3. 869e-009 3. 854e-009
7.884e-015 7.756e-016

-14.555
-77 -947
-18 - 930
-]-9.236
-L9.B52
-23.820
-27 .533
-2-t.137
-29.339
-32.925
-69.934

-14.562
-17.947
-L8.932
-19.238
-19. 854
-23.82L
-27 .54L
-2'7 -'t37
-29.341-
-32 -92'7
-69. 936

-0. 0021. 174e-019

-0.002
-0. 007

0. 000

2.784e-015
1 - 131e-018

-0.002
-0. 002

5 - 806e-020
L.406e-020

4.580e-030
1. 189e-033
0. 000e+000

1.515e-024
2 -928e-028
1. 833e-028

-0. 007
0. 000

-0 - 002
-0. 002
-0 - 002

-5.122
-8 .4L2

-15. 103

0. 000
-0. 002
-0. 007

---Saturation i-ndices---------

Phase SI 1og IAP 1og KT

A1 (oH) 3 (a) -0. 04 11. 09 11.13 AI (oH) 3
Albite -7.58 -25.9L -18.33 NaAlSi3OS
Afunite -30.53 -31.30 -0.77 KAl3 (So4 ) 2 (oH) 6
Anhydrite -15.88 -20.23 -4.34 CaSO4
Anorthite -7.03 -26.89 -19.85 CaAl2Si2O8
Aragonite -6.70 -15.00 -8.3L CaCO3
Ca-Montmorillonite 0.00 -45.76 -45.76 CaO.165A12.33Si3. 67010(OH) 2

Calcite -6. 55 -15.00 -8 .45 CaCO3
CHa(g) -128.71 -131.53 -2.82 cH4
Chalcedony -1.51 -5.12 -3.61 SiO2
Chlorite ( 14A) --t 4 .73 -4.46 70.27 M95A12Si3o10 (OH) 8
Chrysotile -49 .84 -1.7 .0'J' 32.83 Mg3Sj-2o5 (OH) 4
coz(s) -4.41 -5.82 -1.4L co2
Dolomite -22.86 -39.83 -16-9:l CaMg(CO3)2
Gibbsite 2.69 1l-.09 8.40 A1 (OH) 3

Gypsum -L5 .64 -20 .23 -4. 58 CaSO4 :2H2O
HzlS) -37.70 -40.82 -3.13 H2
H2o(gl -L.64 -0.00 1.64 Hzo
H2s (S) -136. 23 -137 .1't -0.94 H2S
Halite -2L.72 -20.15 l-.57 NaCI
Illite -'J.0.7't -5L.72 -40.95 K0.6M90.25AL2.3Si3.5010(oH)2
K-feldspar -15.48 -36.44 -20.96 KAISi3OB
K-mj-ca -4 .52 8 . 93 L3. 45 KA13Si3O10 (OH) 2
Kaolinite 4.06 11.93 7.88 A12si2o5 (oH) 4

N2(s) -ts.2s -18.49 '3.24 N2
NH3 (s) -6L.L4 -59 .27 1.87 NH3
02 (S) -9 .52 -1.2 .37 -2.85 02
Quartz -1..07 -5.12 -4.06 SiO2
Sepiolite -35.77 -1,9.87 15.89 Mg2Si3O7.5OH:3H2O
Sepiolite(d) -38.53 -19.87 1"8.66 Mg2Si3O7.5oH:3H2O
sio2 (a) -2.37 -s.LZ -2.75 sio2
Sulfur -L04.48 -99.47 5.00 S

TaIc -49.23 -27 .25 21.98 Mg3Si4o10 (OH) 2

End of simulation-

Reading input data for simulation 2



End of run.



Run 6

rnput fire: c:\Documents and settings\Jennifer\My Documents\BAsr-Hannibal MO\PHREEQ

\010510\50-50mix\mix NaOH and calcite Gw.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\01-0510\50-50mix\mix NaOH and calcite GliI.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.'1,5.0\phreeqc.dat

Reading data base.

SOLUT ION_MASTER_S PEC IES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE I ASTER SPECIES
SUREACE_SPECIES
RATES
END

Reading input data for simulatj-on 1.

DATABASE C : \Program Fites\USGS\Phreeqc Interactive 2.15. 0\phreeqc.dat
SOLUTION 2 NAOH

temp 20
pH 14
pe4
redox pe
units nunol/kgw
density 1
Na Zq.9 Mol/kqw
water 1 # kg

SOLUTION 1 GW @ eqb wl Calcite
tent;>
pH
pe
redox
units
densi-ty
Ca
c
water

SAVE solution 1-2
MfX 1 Mix NaOH and GW G equ w,/ calcite

l_ 0.5
2 0.5

Beginning of initial solution calculations.

Initial solution 1. GW G eqb w/ Calcite

Elements Molality Moles

20
7.301
-1.841
pe

kgwnunol
1

0
0

.001789

.003961
*ks1

c
Ca

3.961e-006 3.951e-006
1.789e-006 1. ?89e-006

pH
pe

Activity of water
Ionic strength

Mass of water (kg)

7.301
-1.841

1. 000
= 5.444e-006

L.000e+000

-Description of solution--



Total alkalinity (eqlkg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (eq)

Percent error, 100* (Cat- I An I ) / (Cat+ | An | )

Iterations
Total H
Total O

= 3.626e-006
= 3. 961e-006

20. 000
= -4.751-e-008

-0. 65
3

: L.1L0l24e+OO2
:5.550623e+001

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Garmna

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
o2

4
3
7
8

l-.789e-006
1
7
I
5

1 . 7 91e-014
8

.245e-O07

.000e-009

.328e-011

.056e-012

.789e-006

.328e-011

.056e-012

.889e-012

. 953e-015

1.351e-007
5.014e-008
5.551e+001

1.058e-025
1.058e-025

3. 961e-006
3.533e-006

1.358e-007
5. 000e-008
1. 000e+000

3.524e-005
4.245e-007
2. 968e-009
7.309e-011
8. 056e-012

1.770e-006
7. 309e-011
8. 056e-012
5. 873e-012

-8 .31
-8.45
-2.82
-1.4L
-3. 13

L.64
-2.85

1.058e-025 -24.975 -24.975 0. 000

-6.866
-7 - 300

L.7 44

-6.867
-7.301
-0. 000

-0. 001
-0. 001
0.000

-5. 453
-6.372
-8.528

-10. 135
-11. 094

-0. 001
0. 000

-0.005
-0. 001_
0.000

-5.7 47
-10.135
-11.094
-L7-230

-0.005
-0. 001

0. 000
-0. 001

-5 .452
-6.372
-8.523

-10. 135
-11. 094

-5.752
-10. L35
-11. 094
-1L.23't-

0. 000e+000
0. 000e+000

8. 953e-015 -l-4.048 -]-4.048 0. 000

0.000e+000 -65.925 -65.925 0.000

---Saturation indices--------
Phase SI 1og IAP 1og KT

Aragonite
Calcite
cH4 (q)
co2(sl
H2 (s)
H2o (g)
02ls)

-5.97
-5. 83

-22.15
-4,97

-10.92
-L.64

-63.07

-L4.28
-L4.28
-24.98
-6.37

-14.05
-0. 00

-65. 93

CaCO3
CaCO3
cH4
co2
H2
H20
o2

Initial sol-ution 2. NaOH

---Solution composition-------
Elements Molality Moles

Na 2.490e+00L 2.490e+001

-Description of soluti-on-

pH
pe

Activj-ty of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg1

Total carbon (mol/kg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (eq)

14. 000
4. 000
0.562

1. 184e+001
1. 000e+000
2. 931e+000
0. 000e+000
0. 000e+000
20. 000
2.197e+001



Percent error, 100* (Cat- lAnl ) / (Cat+ | An | ) = 92 .7 6
Iterations 6

Total H = 1.139431e+002
Total O = 5.843593e+001

-Distribution of species---

Species
Log tog Log

Molality Activity Molality Activity Ganuna

oH-
H+
H20

H (0)
H2

Na
Na+
NAOH

o(o)
02

8.574e-001
'1.432e-0L4
5.551e+001

0. 000e+000
0. 000e+000

2. 490e+001
2.283e+007
2.073e+000

7 -102e-0LB
3.551e-018

-36. 00 -39. l-3
-1. 89 -0.25

-13.41 -16.27

3.816e-001
1. 000e-014
5. 621e-001

8.532e+001
3. 169e+001

-0.067
-13.844

1.7 44

-0.418
-14.000
-0.250

-0.3s2
-0. 156
0.000

7.447e-O40 -40.312 -39.L28 1.184

1.358
0-317

1. 931
1.501

0.573
1.184

---Saturation indices---------

Phase SI 1og IAP log ICI

5.427e-077 -17.450 -76.265 1. 184

13 H2
64 H20
85 02

H2(gl
H20 (s)
02 (sl

-3.
1.

-2.

Beginning of batch-reaction calculati-ons

Reaction step 1

Using mix 1

Mixture 1.

Mix NaOH and GBI G equ w/ calcite

Mj-x NaOH and GSI 0 egu w,/ calcite

5.000e-001 Solution 1 Gv[ G eqb w/ Calcite
5.000e-001 Solution 2 NaOH

--Solution composition---------

Elements Molality MoIes

c
Ca
Na

l-. 980e-006
8. 945e-007
1.245e+001

1.981e-006
8.945e-007
1.245e+001

-Descripti-on of solution--

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkali-nity (eqlkg)

Total CO2 (moI/kg)
Temperature (deq C)

Electrical balance (eq)
196* lCat- lAnl ) / (Cat+ lAnl )

Iterations
Total H
Tota1 O

13. 654 Charge balance
5.455 Adjusted to redox equilibrium
0.780
.997e+000
.000e+000
. 4 65e+000
.980e-006

5
1I

a

1

Percent error,

20.000
1.098e+001
91.59
74

: L.L24778e+002
= 5.697158e+001

-Distribution of species---



Species
Log Log Log

Molality Activity Mo1ality Activity Gamma

oH-
H+
H2c.

c(-4)
CH4

c(41
NaCO3-
co3-2
NaHCO3
HCO3-
CaCO3
CaHCO3+
co2

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

5
3
5

0. 000e+000
0

1. 980e-006

.045e-001

.135e-014

.551e+001

8.945e-007
5.573e-007
3.372e-007
3.437 e-012
9. 385e-017

0. 000e+000
0.000e+000

1.245e+001
1 . 14 9e+001
9. 608e-001-
1.757e-006
3.221e-011

1.572e-012
7.861e-01-3

-5.74 -14.05
-5. 60 -14 . 05

-L42.86 -145.68
-t5.62 -L8.02
-38.24 -41.37
-1. 75 -0 - 11
-8. 55 -11.50

2.388e-001
2.2L'le-014
7.798e-001

6.237e-006
2.632e-008
1.281e-010
1.385e-011
1. 367e-011
5.500e-017
9. 489e-019

1. 978e-006
3. 388e-007
1.367e-01-1
5.500e-017

1. 645e+001
3.822e+O00
5.237e-0O6
1.281e-010

-8.31
-8 .45
-2.82
-1.41
-3. 13

7.64
-2.85

-0.297
-13 - 504

1.7 44

-0 .622
-r.3. 654
-0. 108

000e+000 0.000e+000 -L46.282 -145.683 0. 600

-5. 755
-6 .652

-10 - 492
-70 .626
-Ll.454
-L6.028
-1_B - 622

-6.254
-6.472

-)_L.464
-16.028

1. 060
-0.017
-5. 755

-70.492

-5.205
-7.580
-9.892

-10. 858
-10. 864
-L6.260
-L8.023

-0.325
-0. 151

0. 000

0. s50
-0.928
0. 600

-0.232
0. 600

-0.232
0. 500

0. 550
0.002
0. 600

-0.232

3.221e-0L'J"

1.757e-006
2.230e-007

2.364e-011-
3 .437 e-012
9.385e-017
2.385e-019

-5.704
-6 .47 0

-10.864
-76.260

0.000e+000 -41.966 -4L.366 0. 600

1

0

-5
-9

.21-6

.582

.205

.892

0. 156
0. 600
0.550
0. 600

3.127e-012 -12.105 -11.505 0. 600

Phase SI log rAP logr KT

Aragonite
Calcite
cHa (s)
co2 (g)
H2 (s)
H20(s)
02 (s)

CaCO3
CaCO3
cH4
co2
H2
H20
o2

End of simulation.

Readi-ng lnput data for simul_ation 2.

End of run.



Run 6

Input file: C:\Documents and Settings\Jennlfer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\50-50mix\mix L eqb calcite and CO2.pqi
Output file: C:\Documents and Settings\'Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\50-50nix\mix 1 egb calcite and CO2.pqo
Database file: C:\Program Eiles\USGS\Phreeqc Interactive 2.L5.0\phreeqc-dat

Reading data base.

SOLUT ION_MASTER_S PEC IES
SOLUTION_SPECIES
PHASES
EXCHANGE_MASTER-S PEC I E S

EXCHANGE SPECIES
SUREACE l,taSrEn SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Eiles\USGS\Phreegc Interactive 2.15. 0\phreeqc. dat
SOTUTION 1 ruix 1 eqb with calcite and CO2

temp 20
pH 13.654
pe 5.465
redox pe
units runol/kgw
density 1

C 1.98e-005
Ca 8.945e-007
Na L2.45
water 1 # kg

EQUILIBRIUM_PHASES 1

Calcite 0 10
co2(s) -2 L0

Beginning of initial solution calculations.

Initial solution 1. mix 1 eqb with calcite and CO2

---------Solution composition---------

Elements MoIality Moles

c
Ca
Na

1. 980e-009
8. 945e-010
L.245e-002

1. 980e-009
8.945e-0L0
7 -245e-002

--------Description of solution--------

Percent error,

pH
pe

Aetivity of water
Ionic strength

Mass of water (kg).
Total alkalinity leq/kgl

Total Co2 (nol/kg)
Temperature (deg C)

Electrical balance (.q)
100* (Cat- lAn I ) / (Cat+ 15; 1

Iterations
Total H
Total O

t3.654
5.465
o .992
.219e-001
.000e+000
.357e-001-
.980e-009
0.000
-232e-O0L

= -95.36
5

.114481e+002

.594189e+001

=2:1
4
L
2

=-4

-1_I

-E



-Distribution of species---

Species

4
2
5

0.000e+000
0

1. 980e-009

.335e-001

.790e-014

.551e+001

3. 037e-001
2.2L8e-0L4
9.924e-OO7

5 . 733e-0 10
5.304e-011
3.020e-013
1.296e-0L5
5. 986e-017
1.626e-020
2.409e-022

5. 055e-010
6.807e-011
5. 986e-017
2.409e-022

7.632e-003
2.256e-003
6.304e-011
1.296e-015

-8.31
-8. 45
-2.82
-L.41
-3. l_3

1.64
-2.85

-0. 517
-13. 6s4
-0. 003

-9.242
-L0.200
-L2.520
-1_4 .887
-L6 -223
-19. 789
-21_ - 61_8

-9.296
-1_0 -167
-t6.223
-21.6L8

Log
Gamma

-0. s19
-0. 128
-0. 130

o -022
0.022
0.022

-0. 130

Log Log
Molality Activity Molality Activity

oH-
H+
H20

c(-4)
cH4

c(4)
co3-2
NaCo3-
HCO3-
NaHCO3
CaCO3
co2
CaHCO3+

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H (o)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o (0)
a2

-0.363
-13.554

L.7 44

-0. r.55
-0. 100

0. 000

.000e+000 0.000e+000 -147.680 -1.4't.658 0.022

L. 8 95e-009
I . 4 67e-011
4.072e-0L3
1.231e-015
5. 688e-017
1.545e-020
3.248e-022

8.945e-010
6. 789e-010
2. 156e-010
5. 588e-017
3.248e-022

0.000e+000

-9. 168
-9 .666

-16.245
-21.488

-0.128
-0. 501
0.022

-0. 130

-L.987
-2 - 669

-1_0 .072
-14. 910

-2.117
-2.64't

-10.200
-14.887

-8.722
-t0.0'72
-L2.390
-14. 910
-16.245
-19. 811
-2L.488

0. 000e+000
45e-002

1.031e-002
2. 143e-003
8.467e-011
1.231e-015

l2
4.809e-0LZ

-11. 10 -L9 .41
-10. 96 -L9.41

-L44.84 -L4't .66
-18.38 -79.79
-38 .24 -4L.37
-L.64 -0 . 00
-8 .44 -11.30

0.000e+000 -41.388 -41.366 0.022
1.2

9. 518e-0

-0.
0.

-0.
0.

13
02
t2
02

0
2
8
2

5. 061e-012 -11.318 -7L -296 o -022

---Saturation indices--------
Phase SI log IAP log KT

Aragonite
CaLci-te
cH4 (s)
co2 (s)
H2 (s)
H2o(ql
02 (s)

CaCO3
CaCO3
CH4
co2
H2
H20
o2

Beginning of batch-reaction calculations.

Reaction step 1.

Using soJ-ution 1. mix 1 eqb with calcite and CO2
Using pure phase assemblage 1.

----Phase assemblage---------

Phase

Calcite
co2 (g)

SI 1og IAP log KT
Moles in assemblage

Initial Final Delta

0.00 -8.45 -8.45 1.000e+001 1.000e+001 -6.789e-006
-2.00 -3.41- -1-.4L 1.000e+001 9.618e+000 -3.818e-001

Elements Molality Moles



C
Ca
Na

3.815e-001
6. 783e-006
L.244e-002

3.818e-001
6.790e-006
1".245e-002

-Description of solutj-on--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Toral alkalinity (eslks)

Total Co2 (moI/kg)
Tenperature (deg C)

Electrical balance (eq)
100* (Cat- lAn I ) / (Car+ lAn | )

Iterati-ons
Tota1 H

Total O

9. l-68 Charge balance
9.952 Adiusted to redox equilibrium

= 0. 993
= 2.731e-001

1. 001e+000
: 4 - 353e-001
: 3.815e-001
= 20.000
= -4.232e-0AL: -95. 68

1,4

= l-.114481e+002
: 5. 670559e+001

Percent error,

-Distribution of species---

Species
tog Log Log

Molality Activity Molality Activity Ganuna

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co3-2
NaCO3-
NaHCO3
co2
CaCO3
CaHCO3+

Ca
CaCO3
CaHCO3+
Ca+2
CaOH+

H (0)
H2

Na
Na+
NaCO3-
NaHCO3
NAOH

o(0)
o2

1. 451e-005
8. 632e-010
5.551e+001

0.000e+000
0.000et000

3. 815e-001
3 . 2 61e-001
5.213e-002
2. 009e-003
8.765e-004
3. 680e-004
5. 072e-005
9.L32e-007

5. 783e-006
5. 072e-006
9 -L32e-007
7.984e-00'l
7. 856e-011

0. 000e+000
0.000e+000

1.244e-002
9.553e-003
2.009e-003
8.765e-004
6. 332e-008

9.613e-012
4 - 806e-012

-4. B3B
-9. 064
!.7 44

-0. 165
-0. 104

0. 000

9. 925e-006
6 . 7 95e-010
9 - 934e-001

2.378e-001
L.47 4e-002
l-.482e-003
9.334e-004
3. 919e-004
5.401e-006
6. 559e-007

5. 401e-006
6. 559e-007
2.390e-007
5.797e-011

6. 981e-003
1.482e-003
9. 334e-004
6.'142e-0OB

-5. 003
-9. 168
-0. 003

0.000e+000 -131.31-2 -131.284 0.027

0.000e+000 -41-.395 -41.368 0.02'l

-0 .487
-L -283
-2.697
-3.057
-3 .434
-5.295
-6 - 039

-0 .624
-L.832
-2.829
-3.030
-3.40'7
-5.268
-6.L7'l

-0. l-37
-0.549
-0.L32
0.027
0.027
0.027

-0. 137

-5.295
-5. 039
-6. 098

-10. 105

-5.268
-6.L77
-6 .622

-1_O -23't

0.027
-0. 13?
-0.524
-o.132

-2.020
-2 .697
-3. 05?
-7. 198

-2.L56
-2.829
-3.030
-7 .t7L

-0. 136
-o -L32
0.027
0.027

5 - 1-18e-012 -1L.318 -LL.29L 0.027

---Saturation indices---------

Phase SI log IAP 1og KT

Aragonite
Calcite
cHa (g)
coz(s')
H2 (s)
H20(s)
02 (s)

-0.
0.

-128.
-2-

15
00
47
00

CaCO3
CaCO3
cH4
co2
H2
H20
02

End of simulation

*38.24
-t.64
-8 .44

-8 .45
-8-45

-1,3L.28
-3.4L

-41.37
-0.00*lt.29

-8.31
-8.45
-2.82
-1.41
-3. r.3

7.64
-2.85



Reading input data for simulation 2

End of run.



Run 5 continued
Input file: C:\Documents and Settings\Jennlfer\My Documents\BAsF-Hannibaf MO\PHREEO

\010510\50-50mix\mix 2 eqb montmorill-onite.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEO

\010510\50-50mix\mix 2 egb montmorillonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGEJPECIES
SURTACE-MASTER_S PEC I E S

SURFACE-SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreegc Interactive 2.15. 0\phreegc-dat
SOLUTION 1 mix 2 eqb montmorillonite

temp 20
pH 9.168
pe 9.954
redox pe
units nmol/kgw
density 1
c 0.3815
Ca 6.783e-005
Na 0.0L244
water 1 * kq

EQUILTBRIUM-PHASES 1

Ca-Montmorillonite 0 10

Beginning of initial solution calculations.

Initial solution 1. mix 2 eqb montmorillonj-te

---Solution comPosition------

Elements MolalitY Moles

C
Ca
Na

3. 815e-004
5. 783e-009
1.244e-005

3. 815e-004
6.783e-009
1 .244e-005

-Description of solution--

Percent error,

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalj-nity (eelkq)

Total CO2 (mol/kq)
Temperature (deg C)

Electrical balance (eq)
100* (Cat- lAnl ) / (Cat+ lAnl )

fterations
Total H
Total O

2.368e-004
1. 000e+000
4. 145e-004
3 . 8 15e-004
20. 000

= -4.020e-004: -94.77
=4: 1.11-0128e+002
- 5.550737e+001

9.1
9.9
1.0

58
54
00



--------Distribution of species

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co3-2
co2
NaCO3-
NaHCO3
CaCO3
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaCO3-
NaHCO3
NaOH

o (0)
o2

Species

Aragonite
Calcite
CH4 (q)
co2 (g)
H2 (s)
H20(s)
02 (sl

1.017e-005
6. 909e-010
5.551-e+001

0. 000e+000
0. 000e+000

3. 815e-004
3. 576e-004
2.336e-005
5.'7 49e-007
3. 903e-009
2 .4L4e-009
2.042e-0t0
2.561e-01-1

6. 783e-009
6. 552e-009
2.042e-01_0
2 .561e-011
1.519e-012

0.000e+000
0. 000e+000

L.244e-005
1.243e-005
3. 903e-009
2.414e-009
1.188e-010

1.057e-011
5.283e-0L2

9. 996e-006
6.792e-0L0
1. 000e+000

0. 000e+000

3.514e-004
2.179e-005
5. ?50'e-007
3. 835e-009
2.414e-009
2.O42e-01,0
2.515e-011

6. 110e-009
2.O42e-01,0
2.516e-011
1. 4 93e-012

0. 000e+000

1-.222e-005
3. 835e-009
2 . 4l-4e-009
1. 188e-010

5.283e-012

-8.31
-8.45
-2.82
-1.4r
-3. r.3

1-.64
-2.85

Molality Activiry ,.13?r., o.fi?r., 
":ffi.

-4 .993
-9.]-61

1, .7 44

-0. 008
-0 - 007

0. 000

-3 .44'7
-4 .632
-6.240
-8.409
-8.617
-9. 690

-L0.592

-s. 000
-9 - 168
-0. 000

-3 .454
-4.662
-6.240
-8 .4L6
-8.61?
-9.690

-10 - 599

-0. 008
-0 - 030

-134.140 -134.140 0. 000

.000

.008

.000

.000

.008

-8.184
-9. 690

-10.592
-11 - 818

-8.214
-9 .690

-10. s99
-71- .826

-0. 030
0. 000

-0. 008
-0. 008

0

-0
0
0

-0

-4L.372 -41,.372 0. 000

-4.905
-8.409
-8.617
-9..925

-4. 913
-8.416
-8. 617
-9.925

-0. 008
-0. 008

0. 000
0. 000

-Ll.277 -1,1.2'17 0. 000

Saturation indices___

Phase SI log IAP Iog KT

-4.57 -L2.88
-4.42 -L2.88

-131.32 -L34.L4
-4 . 83 -6.24

-38 .24 -47.3'7
-L.64 -0. 00
-8.42 -1L.28

CaCO3
CaCO3
cH4
coz
H2
H20
a2

Beginning of batch-reaction calculations.

Reaction step 1.

Using solution l_. mix 2 eqb montmorillonite
Using pure phase assemblaEe 1.

-----phase assemblage--------

Moles in assemblagePhase SI 1og fAp 1og KT Initial- Final Detta
ca-Montmorill0nite 0.00 -45.76 -45.76 1.000e+001 1.000e+001 -9.610e-005

--Sol-ution composition-------
Elements Molality Moles

A1 2.239e-005 2.239e-005
C 3.815e-00 4 3.815e-004



-DescriPtion of solution--

Ca
Na
si

Percent error,

Species

1- .592e-006
1..244e-005
3.527e-005

3. 852e-006
1. 824e-009
5.551e+001

2.239e-005
2 .237 e'005
2.223e-008
4 - 028e-01-0
1. 521e-013
4.'J.43e-017

0.000e+000
0. 000e+000

3.815e-004

1. 592e-006
'J..244e-005
3.527e-005

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eSlkg)

Total Co2 (moI/kg)
Temperature (deg C)

Electrical balance (eg)
100* (Cat-lAnl ) / (Cat+lAnl )

fterations
Total H
Total O

8 .146
10. 37 6

1. 000
2.273e-O04

: 1.000e+000
4.848e-004
3 - 8 15e-004

= 20.000
= -4.020e-004
= -92.81
=9

Log Log
Molality Activity Molality Activity

Charge balance
Adjusted to redox equilibrium

Log
Ganuna

:1
_c

-Distribution of sPecies---

1.592e-00
567e-006
921e-008
358e-009
37 8e-010

0. 000e+00

1.244e-40
.244e-005
- 505e-009
.534e-009
- 504e-011

1.057e-011
5.283e-0L2

3.527e-005
3.297e-005
2.304e-006
6.580e-011

3.786e-006
1.793e-009
1.000e+000

2.l-99e-005
2.223e-008
3. 959e-010
l.42Qe-013
3.562e-O17

1.222e-005
2 .505e-009
1.508e-009
4.504e-011

97e-005
65e-005
43e-011

.110128e+002

.550749e+001

-4 - 482
-5. 637

-L0. 182

-4 .482
-5.645

-70.2L2

0. 000
-0. 007
*0.030

oH-
H+
H20

A1
A1(OH)4-
A1(OH) 3
AI (OH) 2+
Al-oH+2
A1+3

c(-4)
cH4

c(4)
HCO3-
co3-2
co2
CaCO3
CaHCO3+
NaHCO3
NaCO3-

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

si
H4SiO4
H3SiO4-
HzSiAA-2

.707e-004

.164e-006
- 574e-006
. 921e-008
.358e-009
.505e-009
.534e-009

3. 645e-004
8 .559e-005
1.575e-006
1.921e-008
6.250e-009
2.505e-009
1 .508e-009

-3. 431
-5. 038
-5. 803
-7 .711
-8.L97
-8 . 601
-8.814

-3 - 438
*5.068
-5.803
-7 .7]7
-8.204
-8.601
-8 -822

-0. 007
-0. 030

0. 000
0. 000

-0. 007
0-000

-0. 007

3
9
1

1
6
2
1

6
1

1
6
1

0
0
5
1

2
1
4

0.000e+000 -L33.702 -1.33.702 0-000

1.463e-006
1.921e-008
6.250e-009
1 - 354e-010

-0.030

-5.4L4
-8.739

1.7 44

-5.422
-8.7 46
-0. 000

-0. 007
-0. 007

0.000

-4. 650
-7 .6s3
-9.39s

-12.8L8
-16.383

-4.658
-7 .653
-9.402

-t2.848
-1.6.448

-0. 007
0. 000

-0. 007
-0. 030
-0.066

-5 - 805
-7 .7L7
-8. l-97
-9.861

-5. 835
-7 .'11"1

-8.204
-9.868

.000

.007

.007

-4.90s
-8.601
-8 - 814

-10.346

-4.9L3
-8.601
-8.822

-10.346

-0. 007
0. 000

-0.007
0.000

0
-0
-0

000e+000 0. 000e+000 -41.3'12 -4L.3'72 0.000

5.283e-012 -LL.277 -L1.277 0. 000

3.2
2.2
6-1

---------- Saturation indices--

Phase SI 1og IAP 1og KT



AI (oH) 3 (a) -L.34
Albite -4.69
Anorthite -4.26
Aragonite -2.60
Ca-Montmorillonite 0
Calcite -2.45
CHa (g) -130.88
Chalcedony -0.87
Co2(sl -4.40
Gibbsite 1.40
H2 (s) -38.24
H2o(9) -1.64
Kaolinite 2.74
oZ(s) -8.42
Quartz -0.43
Sio2 (a) -1.73

9.79 11,.1_3 A1(OH) 3
-23.02 -18.33 NaAISi3OB
-24.11 -19.86 CaAl2Si2o8
-10. 90 -8.31 CaCO3

00 -45.76 -45.76 CaO.165A12.33si3.67010(oH)2
-10.90 -8.45 CaCO3

-L33.70 -2.82 CH4
-4.48 -3.61 SiO2
-5.80 -1.41 COz
9.79 8.40 A1(OH) 3

-41.37 -3.13 H2
-0.00 1.64 H2C.
L0.62 7.88 Al2Si205 (OH) 4

-1_1.28 -2.95 02
-4.48 -4.05 SiOz
-4.48 -2.75 SiO2

End of simulation.

Reading input data for simulation 2.

End of run-



Run 7

Input file: C:\Documents and Setti-ngs\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\0105L0\75-25mix\m:i-x NaOH and calci-te GW.pqi
Output file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\0L0510\75-25mix\mix NaOH and calcite GW.pqo
Database file: C:\Program FiIes\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat

Reading data base.

SOLUT ION_MASTER_S PEC I ES
SOTUTION_SPECIES
PHASES
EXCHANGE_MASTER_S PEC I ES
EXCHANGE SPECIES
SURTACE IAASTTA SPECIES
SURFACE_SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Eiles\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat
SOLUTION 2 NAOH

temp 20
pH 14
pe4
redox pe
units nrnol/kgw
density 1
Na 24.9 llol./kgw
water 1 * kg

SOLUTION 1 GW G eqb w/ Calcite
tenrp 20
pH 7.301
pe -1.841
redox pe
units rwnol/kgw
density 1

Ca 0.001-789
c 0. 003961
water 1 # kg

SAVE solution 1-2
MIx 1 Mix NaoH and G$I @ egu w/ calcite

1 0.75
2 0.25

Beginning of lnitial solution calculations

Initiaf solution 1. GW 0 eqb w,/ Calcite

--Solution composition---------

Elements Molality MoIes

3.96Le-006 3.961e-006
1.789e-006 1.789e-005

--Description of solution--

c
Ca

pH
pe

Activity of water
Ionic strength

Mass of water (kS)

: 7.30r.
-1. 84L

1. 000
5.444e-005
1.000e+000



Total alkal-inity (eq/kq)
Total CO2 (moI/kg)

Temperature (deg C)
Electrical balance (.q)

Percent error, 100* (Cat- lAn I ) / (Cat+ lAn | )
fterations

Total H
Total O

Species

.626e-006

.961e-006
0. 000
.751e-008
0. 65
3
1L0724e+002

.550623e+001

Moraliry Acrivity ,"13ir., o"liYr., 
":ffi"

3

=3
2

=-4

_1
-f

-E_J

-Distribution of species---

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3_
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
o2

1.361e-007
5. 014e-008
5.551e+001

1. 058e-025
L. 058e-025

3. 961e-006
3.533e=006
4.245e-O07
3. 000e-009
7 .328e-011,
8.056e-012

1. 789e-005
1.789e-006
7.328e-011
8.056e-012
5.889e-012

1. 791e-014
8.953e-015

0. 000e+000
0.000e+000

1.358e-007
5. 000e-008
1. 000e+000

3.524e-Q06
4.245e-OO7
2.968e-009
7 .309e-011
8.055e-012

1. 770e-006
7. 309e-011
8. 056e-012
5.873e-012

-8 .31
-8.45
-2.82
-]-.4L
-3. 13

't .64
-2.85

-5 .452
-6.372
-8.523

-10. 135
-11.094

-5.453
-6.372
-8. 528

-10. 135
-11.094

-6.866
-7 .300

1- -'t 44

-6.867
-7.301
-0. 000

-0.001
-0. 001
0-000

1 . 058e-025 -24 .9"15 -24 .97 5 0. 000

-0 - 001
0. 000

-0. 005
-0. 001

0. 000

-5.'147
-10. 135
-11. 094
-Lt.230

-5.752
-10. 136
-1_1.094
-lL.23L

-0. 005
-0. 001
0-000

-0. 001

8. 953e-015 -14 .048 -t4.O4B 0. 000

0.000e+000 -65.925 -65.925 0. 000

Saturati_on indi-ces___

Phase SI log IAP log KT

Aragonite
Calcite
cHa (q)
Co2 (s)
H2 (s)
H20(s)
02 (s)

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Tota1 alkalinity (eqlkS)

Tota] carbon (mol/kg)
Total CO2 (mo1/kq)

Tenrperature (deg C)
Electrical balance (eS)

CaCO3
CaCO3
CH4
co2
H2
H20
02

14 .000
4.000
0.562
.184e+001
.000e+000
.931e+000
.000e+000
.000e+000

20. 000
2. 197e+001

-5. 97
-5. 83

-22.16
-4.97

-L0.92
-L.64

-63. 07

-14.28
-L4.28
-24.98
-6.37

-14. 05
-0. 00

-65. 93

Initial soluti-on 2. NaOH

Sol_ution composition_______*_

Elements Molality Moles

Na 2.490e+001 2.490e+001

1

L
2
0
0



Percent error, 100* (Cat-lAnl ) /(Cat+lAnl )

Iterations
Tota1 H =
Total O

92
6

1.1
5.8

.76

-Distribution of sPecies---

Species
tog tog Log

Molality Activity Molality Activi-ty Gamma

8.574e-001
1.432e-Ql4
5.551-e+001

0. 000e+000
0.000e+000

2.490e+001
2.283e+00L
2.0?3e+000

7. 102e-018
3.55le-018

3 . 8 16e-001
1. 000e-014
5. 621e-001

7.447e-040

8.532e+001
3. 169e+001

5.427e-0L7

39431e+002
43693e+001

1.358
0.317

oH*
H+
H20

H (0)
H2

Na
Na+
NaOH

o (o)
02

-0.067
-13.844

1.7 44

-0 . 41-8

-14.000
-0 - 250

-0.352
-0. 156

0. 000

-40.312 -39.L28 1.184

1. 931
1.501

0.573
L.L84

Saturation indices---

Phase SI log IAP 1og ICI

-36. 00 -39. 13 -3. L3
-1.89 -0.25 L.64

-r.3.41 -L6.2't -2.85

-L7.4s0 -]-6.265 1. 184

H2
H20
o2

L3.429 Charge balance
-8.061 Adjusted to redox equilibrium

0. 889
3.065e+000
1.000e+000
7.327e-0OL
2.97Le-OO6
20.000
5.492e+000
89. 60
t2
.l,L745l-e+002
.623890e+001

H2(s)
H20(sl
c2ls)

Beginning of batch-reaction calculations-

Reaction step 1.

Using mi-x 1. Mix NaoH and GW G equ w/ calcite

Mixture 1. Mix NaOH and GSI 0 egu w,/ calcite

?.500e-001 Solution 1 Gv{ G eqb w,/ Calcite
2.500e-001 Solution 2 NaOH

--Solution composition---------

Elements MolalitY Moles

c
Ca
Na

2.97!e-006
1 -342e-006
6.225e+000

2.97Le-O}6
'1..342e-006
6.225e+O00

--------Description of solution---------

PII
pe

Activity of water
Ionic strength

Mass of water (kg)r""' i:l:l'$i",#IrHl
Temperature (deg C)

Electrical balance (.q)
Percent emor, 199* (Cat-lAnl ) / (cat+lAnl )

Iterations
Total H

Total O
-r:5

-Distribution 6f sPecies---



Log tog
Molality Activity Molality Activity

Log
Species

1. 620e-001
3.725e-0L4
8.888e-001-

3 . 54 6e-006
4 .759e-008
4 .209e-011
1.258e-010
1. 809e-011
L.223e-Ol6
4.250e-018

9.814e-007
2.479e-007
1.809e-011
1.223e-0L6

5.317e+000
8.382e-001
3. 646e-005
1.258e-010

-0 - 496
-13.285

L.'144

-0. 791-
-13.429
-0. 051

-5. 438
-7 .322

-10.376
-9 - 900

-\0.7 43
-15. 913
-L7 .372

Ganuna

0. 143
-0.409

0. 307
-0.216

oH-
H+
H20

c(-4)
cH4

c (4)
NaCO3-
co3-2
HCO3_
NaHCO3
CaCO3
CaHCO3+
co2

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H(0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

3. 188e-001
5.184e-014
5.551e+001

3.587e-036
3.587e-035

2.971e-006
2.623e-006
3.475e-007
6. 919e-011
6.214e-011
8.932e-0L2
2.010e-016
2.098e-018

-5-581
-6.459

-10. 160
-10.207
-1r.. 049
-L5 .697
-L7.678

0. 1"43

-0.863
-0.2t6
0.307
0.307

-0.216
0.307

-6. 151
-6.197

-11.049
-15. 697

-6. 008
-6 .606

-L0 .7 43
-15. 913

0.764
-0.383
-5.581

-10.207

0.726
-o.077
-5.438
-9. 900

-0. 039
0.307
0. 143
0.307

294
t44
000

-0
-0

0

7.254e-036 -35.445 -35.139 0.307

1.342e-005
7
6
8
2

1 . 34 9e-014
6

6.225e+000

0. 000e+00

.062e-007

.356e-007

.932e-012

.010e-016

.811e+000

.138e-001

.523e-006

.2L4e-0LL

744e-01.5 1.366e-014 -14.1,7L -13.865 0.307

5
4
2
6
0
0 000e+000 0. 000e+000 -66.701- -66.394 0.307

---Saturation indices--------
Phase SI 1og IAP log KT

Aragonite
Calcite
cH4 (s)
co2 (s)
H2 (s)
H20(sl
02ls)

-5 .52
-5 .47

-32.32
-15. 96
-L0 .7 4
-L.69

-63.54

-l_3. 93
-L3. 93
-35. 14
-L7.37
-13. 86
-0. 05

-66.39

-8.3r.
-8.45
-2.82
-1.4L
-3.t3

L.64
-2.8s

CaCO3
CaCO3
cH4
co2
H2
H20
o2

End of simulation.

Reading input data for simulation 2.

End of run.



Run 7 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\0105L0\75-25mix\mix 1 eqb w calcite and co2.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannj-bat MO\PHREEQ

\010510\75-25mix\mix 1 eqb w calcite and co2.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUT I ON_MASTER_S PEC I E S

SOLUTION-SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
suRrACE t'tesren sPEclEs
SURFACE_SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreeqc Interactive 2.15. 0\phreeqc.dat
EQUILIBRIUM_PHASES 1

Calcite 0 10
co2(sl -2 t0

SOLUTION 1 Mix 1

temp 20
pH 1.3 .429
pe -8.061
redox pe
units numol/kgrw
density
C
Ca
Na
water 1

Beginning of initiaL solution caLculations.

fnitial solution 1. Mix 1

--Solution composition---------

Elements Molality Moles

1

2.97Le-006
1.342e-006
6.225
*ks

c
Ca
Na

2.9"lLe-O09
1 - 342e-009
6.225e-003

2.971e-009
1.342e-009
6.225e-003

--------Description of solution---------

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
TotaL alkalinity (eq/kg)

Tota} CO2 (moI/kg)
Temperature (deq C)

Electrical balance (eq)
Percent erroi, 169r' (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Total H

?otal O

= 13.429
-8. 061_

0. 996
=1:1

2
2

=2
=-l

- 243e-001-
.000e+000
.438e-001
.971e-009
0. 000
.375e-001

= -95.58
=5
= l.'1,L2563e+002
= 5-575005e+001



-Distribution of species---

oH-
H+
H20

c(-4)
CH4

c(4)
co3-2
NaCO3-
HCO3-
NaHCO3
CaCO3
co2
CaHCO3+

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o (0)
o2

MolaIity

2.431e-001
4 .553e-014
5.551e+001

1. 114e-037
1.114e-037

2.97Le-009
2.886e-009
8.330e-011
1".1.96e-01_2
2.155e-015
2.487 e-01,6
8.737e-020
2.225e-021

1.342e-009
9. 136e-010
4.284e-0t.0
2.487 e-0L6
2.226e-02L

2. 658e-014
1.329e-014

6.225e-003
5 . 4 97e-003
7 .283e-004
8.330e-011
2. 155e-015

0.000e+000
0. 000e+000

Activity

1.815e-001
3.72Ae-014
9. 958e-001

1 . 14 6e-037

1. 051e-009
6.425e-0L1,
9.294e-O1,3
2.217e-075
2. 559e-016
8.37 4e-020
L."129e-021.

7. 046e-010
1.588e-01-0
2.559e-016
L.729e-02'J.

1.368e-014

4.242e-003
7 . 4 95e-004
6.425e-01L
2.2L'le-015

0. 000e+000

-8 .31
-8.45
-2.82
-L.41
-3. 13

L .64
-2.8s

Species
Log

Mo1a11ty

-o .6L4
-73.342

t.7 44

-36. 953

-8.540
-10. 079
-tL .922
-L4 .66"t
-15. 604
-19.090
-20 .652

-9. 039
-9.368

-15.604
-20 .652

Log
Activity

-0.1 4!
-13 .429
-0.002

-36.941

-8. 978
-10.792
-12.032
-L4 .654
-15.592
-19.077
-20 .7 62

-9.L52
-9 .'199

-L5.592
-20 .7 62

Log
Gamma

0.0L2

-0. 439
-0. 113
-0. 110
0.0L2
0.072
0.0L2

-0.110

-0.L2'1
-0. 087

0. 000

-0. 1l-3
-0. 431
o.012

-0.110

-2.260
-3. 138

-10. 079
-74.667

-2.372
-3.125

-L0.192
-1"4 - 654

-0.t1-2
0.012

-0.113
0.0L2

-13. 876 -13.864 0.0L2

-66. 309 -66.297 o -012

---------:-Saturation indices
Phase SI log IAP 1og KT

Aragonite
Calcite
cHa (s)
co2 lsl
H2 (s)
H2o(s)
02 (s)

-L0.47
-L0.32
-34.L2
-L7.67
-1,0.7 4

-L.64
-63.44

-18.78
-18.78
-36.94
-19. 08
-13.86
-0. 00

-66.30

CaCO3
CaCO3
cH4
co2
H2
H20
o2

Beginning of batch-reaction calcul_ations.

Reaction step 1.

Using solution 1. Mix 1
Using pure phase assemblage 1.

-----Phase assemblage-------i-

Moles in assemblagePhase SI log IAF 1og KT Initial Final Delta
calcite 0.00 -9.45 -9.45 r-.000e+001 1.000e+001 -8.064e-005co2(g) -2-00 -3.41 -1.41 1.000e+001 9.7?5e+000 -z.25Le-a0L

---Solution composition------
Elements Molality Moles



(-

Ca
Na

2.251e-001
8 - 063e-006
6.223e-003

2.252e-001-
8.066e-006
6.225e-003

-Description of solution--

Percent error,

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kgl

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
196* (Cat- lAnl ) / (Cat+ lAn I )

Iterations
Total H
Total O

8. 947e-006
1..264e-009
5.551e+001

1.645e-022
'7 .645e-022

2.25Le-00L
2. 053e-001
1. 855e-002
5. 005e-004
3 .7 92e-004
3.522e-004
5.226e-006
1.310e-006

8. 063e-006

: 8.988 Charge balance
= -3.641 Adjusted to redox equilibrium
= 0. 996

t.427 e-00L
1. 000e+000
2.438e-001-
2.25'Le-001-
20. 000

= -2.376e-001
= -95.67:13
: 1..11.2563e+002
= 5. 620038e+001

--------Distributj-on of species

Species Molality ActivitY
Log Log Log

Mo1ality ActivitY Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3_
co3-2
NaCO3-
co2
NaHCO3
CaCO3
CaHCO3+

Ca
CaCO3
Ca+2
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaCO3-
NaHCO3
NAOH

o(0)
o2

.226e-006

.527 e-006

.310e-006

.147e-010

6.585e-005
1. 027e-009
9. 961e-001

5. 401-e-006
5.443e-007
1.006e-006
8 .7 62e-0ll

-5.048
-8.898
t-744

-s.181
-8.988
-0.002

-0. 133
-0. 090

0. 000

7 -9OLe-O22 -2L.71,7 -2L.102 0.014

l-.578e-001
6 . 4 69e-003
3.824e-004
3. 919e-004
3. 639e-004
5. 401e-006
1.006e-006

-0.688
-t.732
-3.301
-3 .421
-3. 453
-5.282
-s.883

-0. 802
-2.]-89
-3 .4L7
-3 .407
-3 .439
-5.268
-5.99't

-0. 114
-0. 458
-0.117

0-014
0.014
0. 014

-0. 114

-5.282
-5. 816
-5.883
-9.94!

-5.268
-6.264
-5.997

-10. 057

0. 014
-0 .448
-0. 114
-0. 117

2 -9'L'7e-01

6.223e-00

5
1
1
l-
4

1

3
5
5
3
2

45Be-014 1.507e-014 -13. 836 -13 .822 0. 014

4.103e-003
3.824e-004
3. 639e-004
2 .629e-008

.370e-003

.005e-004

.522e-004

.544e-008

-2.270
-3.301-
-3.453
-7 .594

-2.387
-3.41'l
-3. 439
-7.580

-0.11-7
-0. 117

0. 014
0.014

0. 000e+000
0.000e+000 0.000e+000 -66.395 -66.381 0. 014

Saturation indi-ces---

Phase SI log IAF 1og KT

Aragonite
Calcite
cH4 (S)
co2 (sl
H2(sl
H20(sl
02lsl

-0. 15
0. 00

CaCO3
CaCO3
cH4
co2
H2
H20
o2

-18
-2

-10
-1

-63

End of simulation.

.28

.00

.69

.64

.53

-8.45
-8.45

-2L.1"0
-3.41

-L3.82
-0. 00

-66.38

-8.31
-8. 45
-2.82
-1. 41
-3. L3

L.64
-2.85



Reading j-nput data for simulation 2

End of run-



Run 7 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal Mo\PHREEQ

\010510\75-25mix\mix 2 egb w montmorillonite-pgi
Output file: C:\Documents and Setti-ngs\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\75-25mix\mix 2 eqb w montmorillonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Readj-ng data base.

SOLUT ION_MASTER-S PEC I ES
SOLUTION SPECIES
PHASES
EXCHANGE_MASTER_S PEC I E S

EXCHANGE SPECIES
SURFACE T'IESTEN SPECIES
SURFACE_SPECIES
RATES
END

Reading input data for simufation 1.

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2 -'1,5. 0\phreeqc.dat
SOLUTION 1 mix 2 eqb w montmorillonite

temp 20
pH 8.988
pe -3.541
redox pe
units rmpl/kgw
density 1
c 0.2251
Ca 8.063e-005
Na 0.006223
water 1 # kq

EOUETBRTUM_PHASES 1
Ca-Montmorlllonite 0 10

Beginning of initi.al solution calculations

lnitial solution 1,. mix 2 eqb w montmorj-llonite

---Solution composition-------

Elements Molality Moles

c
Ca
Na

2.251e-0O4
8 .063e-009
6.223e-006

2.25Le-004
8 .063e-009
6.223e-006

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total Co2 (mol/kg)
Terperature (deg C)

Electrical balance (eq)
Percent error, 100* (Cat- I An I ) / (Cat+ | An I )

Iterations
Total H

Total O

8. 988
= -3.641

1. 000
1.325e-004

= 1.000e+000
2.404e-004
2.25Le-O04

= 20. 000
= -2.342e-0O4
= -94.94
=3
:1.1101.27e+002
= 5.550690e+001



-Distribution of specles---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
cH4

c (4)
HCO3-
co3-2
co2
NaCO3-
NaHCO3
CaCO3
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H(0)
H2

Na
Na+
NaCO3-
NaHCO3
NaOH

o(0)
o2

6.692e-0A6
1.041e-009
5.551e+001-

L -Q52e-024
1.052e-024

2.257e-004
2.754e-004
9. 178e-005
5.255e-007
7. 807e-010
7 .340e-010
1. 007e-010
1. 902e-011

8.063e-009
7 .942e-009
1. 007e-010
1-.902e-0Ll
L.233e-01,2

3.013e-014

6. 604e-006
1. 028e-009
1.000e+000

2.1,26e-004
8.709e-005
5.265e-007
7.705e-010
7.340e-010
1. 007e-010
1.878e-011

7.536e-009
1. 007e-010
1.878e-011-
1- .21-7 e-012

6.140e-006
7 .705e-010
7.340e-010
3. 946e-011

-5.7"14
-8.982

1- -7 44

-5. 180
-8. 988
-0. 000

-0. 006
-0. 006

0. 000

L.052e-024 -23.978 -23 -978 0-000

-3 .661
-5. 037
-6 .27 9

-9. 108
-9.L34
-9 .997

-L0.721"

-3 .67 2
-s. 060
-6 .27 9

-9. 113
-9.L34
-9 .99'r

-L0.726

-8.L23
-9 .997

-10.726
-11.915

-0. 006
-0. 023

0. 000
-0. 006

0. 000
0. 000

-0. 006

.507e-014 1.507e-014 -t3.922 -13 .922 0. 000

-0.023
0. 000

-0. 005
-0. 006

-5.206
-9. 108
-9.L34

-10.404

-5.21-2
-9. 113
-9. 134

-10 - 404

-0. 006
-0. 006

0. 000
0. 000

-8.100
-9 .997

-L0.72L
-11.909

6.223e-00
.221,e-OO6
.807e-010
.340e-010
. 94 6e-011-

0. 000e+000
0.000e+000

1

6
6
7
7
3

0.000e+000 -66.377 -66.37'7 0. 000

Phase

Aragonlte
Cal-ci-te
cHa (g)
co2 (s)
H2ls)
H2o (g)
02 (s)

SI 1og fAP 1og KT

-4.88
-4.73

-21.L6
-4.87

-10.69
-L.64

-63.52

-13. 18
-13. 18
-23 .98
-5.28

-1-3.82
-0. 00

-66.38

-8 .31
-8.45
-2.82
-1.4L
-3. 13

L.64
-2.85

CaCO3
CaCO3
cH4
co2
H2
H20
o2

Beginning of batch-reactj_on calculations

Reaction step 1.

Using solution 1. mix 2 eqb w montmorillonite
Usi-ng pure phase assemblage 1.

--------:------phase assemblage---------

Moles in assemblagePhase SI 1og IAp 1og KT Initi_al Final Delta
ca-Montmorill0nite 0.00 -45.76 -45.76 1.000e+001 1.000e+001 -6.845e-006

---Solution composition-----
' Elements Molality Moles

A1 1.595e-005 1.595e-005
C 2.251e-004 2.25!e-OO4



---------Description of solution---------

Ca
Na
si

oH-
H+
H20

A1
A1(OH) 4-
A1(OH)3
A1(OH) 2+
A10H+2
A1+3

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaCO3
CaHCO3+
NaHCO3
NaCO3-

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

si
H4SiO4
H3SiO4-
H2SiO4-2

1. 138e-006
6.223e-006
2 .513e-005

.206e-004

.467 e-006

.053e-006

.213e-009

.778e-009

.520e-010

.748e-010
1. 138e-00

3.062e-0L4
1 - 531e-014

6.223e-006
6.222e-O05
7.520e-010
1.748e-010
I .628e-012

0.000e+000
0.000e+000

2.513e-005
2.448e-005
6 . 4 95e-007
6.985e-0L2

1.138e-006
5.223e-006
2 .513e-005

Percent error,

Species

-Distribution of sPecies---

pH
pe

Activi-tY of water
Ionic strength

Mass of water (kS)
Tota1 alkalinity (eq/kgl

Total Co2 (mol/kq)
Temperature (deg C)

Electrical balance (eq)
19g* (Cat- lAnl ) / (Cat+lAnl )

Iterations
Total H

Total O

Molality

1.462e-006
4 .7 64e-009
5.551e+001

1.595e-005
1.591e-005
4. 164e-008
1. 970e-009
1,.927 e-0'1,2
1.350e-015

5.255e-024
5.255e-024

2.251.e-004

= 8.328 Charge balance
: -2.984 Adjusted to redox equilibrium
= 1. 000
: 1.288e-004
: 1.000e+000
: 2.906e-004
: 2.251e-004
: 20-000
:'2.342e-004
: -93.24
=9
= L.tL0L27e+002
= 5.550698e+001

2.L'7'le-004
2 .46'l e-006
1. 950e-006
3.213e-009
2.7 42e-009
7 .520e-010
L.'125e-01-0

-3. 656
-5. 608
-5. 688
-8 .493
-8.555
-9.t24
-9.757

-3 .662
-5. 608
-s.710
-8.493
-8.562
-9.124
-9 .7 63

-0. 006
0. 000

-0.022
0.000

*0 .006
0.000

-0.006

.132e-006

.213e-009

.778e-009

.841e-011

-5.946
-8.493
-8.555

-10.416

-5. 969
-8.493
-8.562

-ao - 421

22
00
06
06

2
2
2
3
2
7
1

6
1
3
2
3

Log tog
Activity Molality ActivitY

1. 444e-005 -5. 835 -5. 841-
4. ?03e-009 -8.322 -8.328
1. 000e+000 1,.'144 -0. 000

-0.006
-0. 006

0. 000

-4.-198
-7.380
-8.706

-r.1.715
-14.870

-4 - 804
-7.380
-8.711

-11.738
-]-4.920

-0.006
0.000

-0. 006
-0.023
-0. 050

-5.206
-9.L24
-9.75't

-11.064

-5.2L2
-9.L24
-9 -7 63

-11.064

1.570e-005
4. 164e-008
1. 945e-009
L -829e-012
1.203e-015

6.L42e-0Q6
7. 520e-01"0
1.725e-010
8 .628e-OL2

2.448e-005
6 .412e-007
6. 631e-012

-4.511
-6. l-87

-11.156

-4 -6L1
-6. 193

-11.L78

Log
Gamma

0.000
-0. 0.06

-0. 023

5.255e-024 -23.219 -23.279 0- 000

l-. 075e-006
3.213e-009
2.7 42e-009
3 .7 92e-0lt

1.531e-014 -13.815 -13.815 0.000

06
00
0,6
00

-0. 0
0.0

-0. 0

-0.0

-0.0
0.0

-0.0
0.0

0. 000e+000 -66.391 -65.39L 0.000

---------- -saturation indices-

Phase SI log IAP 1og KT



A1(oH)3(a) -1.07 l-0.06 11.13 A1(OH)3
Albite -5.52 -23.85 -L8.33 NaAlSi3OS
Anorthite -4.94 -24.80 -19.86 CaAl2Si2O8
Aragonite -3.37 -11.68 -8.31 CaCO3
Ca-Montmorillonite 0.00 -45.76 -45.76 CaO.165A12.33Si3.67010(oH)2
Calcite -3.23 -11.68 -8.45 CaCO3
cH4 (q) -20.46 -23.2A -2.82 cH4
Chalcedony -l-.00 -4.6L -3.61 SiO2coz(S) -4.20 -5.61 -1.41 co2
Gibbsite L.67 1,0. 06 8 . 40 AI (oH) 3
H2(s) -10.69 -L3,82 -3.13 H2
H2o(S) -L.64 -0.00 1.64 Hzo
Kaolinj.te 3.03 L0.90 7.88 Al2Si2O5 (OH) 4
o2(S) -63.s4 -66.39 -2.85 02
Quartz -0.56 -4.61 -4.06 Sio2
Sio2 (a) -1.86 -4.6L -2-75 Sioz

End of simulation.

Reading input data for simulatj-on 2.

End of run.



Run 8

fnput file: C:\Documents and Settings\'Jennifer\My Documents\BASF-Hannj-ba1 MO\PHREEQ
\123109\mix NaOH and calcite GW.pqi

Output file: C:\Documents and Settings\.Tennifer\My Documents\BASF-Hannj-ba1 MO\PHREEQ
\123109\mix NaoH and calcite GW.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.L5.0\phreeqc.dat

Reading data base

SOLUT I ON_MASTER_S PEC I ES
SOLUTION-SPECIES
PHASES
EXCHANGE_MASTER_S PEC I E S

EXCHANGE SPECIES
SURFACE MASTSN SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C : \Program Files\USGS\Phreeqc Interactive 2 . L5. O\phreeqc. dat
SOLUTION 2 NaOH

temp 20
pH 14
pe4

pe
nunol/kgw
1
24.9 Mo)-/kgw

1#kq

-L.84L
pe
rnmol/kgw
1

0.001789
c 0.003961
water 1 # kg

SAVE solution 1-2
MIX 1 Mix NaOH and GW G equ w/ calcite

1 0.9
2 0.L

Beginning of initi-al solution calculations.

Initial soluti-on l-. GW G eqb w/ Calcite

--So1ution composition---------

Elements MoIality Moles

3. 961e-006 3. 961e-006
1.789e-006 L.789e-006

redox
units
densi-ty
Na
water

SOLUTION 1 GV{

temP
pH
pe
redox
uni-ts
density
Ca

G eqb w/ Calcite
20
7.301

C
Ca

pH
Pe

Activity of water
Ionic strength

Mass of water (kg)

7.301
*1 - 841

1. 000
5.444e-006
1.000e+000



Percent error,

-Distribution of species---

Total alkaliniry (eqlkq)
Total CO2 (not/kq)

Temperature (deg C)
El-ectrical balance (eq)

196* (Cat- lAn I ) / (Cat+ lAnl )
Iterations

Total H
Total O

_1
-a
_E

3 .626e-006
3. 961e-006
20. 000
4.751e-008
-0. 55

3
.1LO124e+002
.550623e+001

Species

Na

Aragonite
Calcite
CH4 (s)
co2(s)
H2(s',)
H2o(sl
02(s)

-5.9't
-5. 83

-22.16
-4 .97

-t0.92
-t.64

-63. 07

-L4.28
-L4.28
-24.98
-6.37

-14.05
-0.00

-65. 93

CaCO3
CaCO3
CH4
co2
H2
H20
o2

Log
Molali-ty Activity Molality

l-.358e-007
5.000e-008
1.000e+000

3.524e-006
4.245e-O07
2. 968e-009
7.309e-01-1
8.056e-012

1.770e-006
7.309e-011
8. 056e-012
5.873e-012

-8.31
-8.45
-2.82
-1.41
-3. r_3

L.64
-2.8s

-6.866
-7.300
t.7 44

-5.452
-6.372
-8.523

-10. 135
-11 .094

Log
Activity

-5. 453
-5.372
-8 .528

-10. 136
-11. 094

-5.752
-10. 136
-11.094
-1,L.23L

Log
Gamma

-0.001
0.000

-0. 005
-0.001
0.000

oH-
H+
H20

c(-4)
cH4

c (4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H(0)
H2

o(0)
o2

1.361e-007
5. 014e-008
5. 551e+001

1.058e-025
1. 058e-025

3. 961e-006
3. 533e-006
4.245e-007
3.000e-009
7 .328e-011,
8. 056e-012

1.789e-006
1. ?89e-006
7.328e-011
8.055e-012
5. 889e-012

1. 791-e-014
8. 953e-015

0. 000e+000
0. 000e+000

-6.867
-7.301
-0. 000

-0.001
-0.001

0. 000

1.058e-025 -24.975 -24.975 0. 000

-5.7 47
-10. 135
-11.094
-lL.230

-0. 005
-0. 001

0. 000
-0. 001

8.953e-015 -L4 .048 -L4.048 0.000

0.000e+000 -65.925 -65.925 0. 000

-Saturation indices

Phase SI 1og IAP log KT

fnitial solution 2. NaOH

---Solution compos j_tion------

Elements , Molality Moles

2.490e+00L 2.490e+001

pH

Activity of ,utli
Ionic strength

Mass of water (kg)
Total- alkal_inity (eq/kg)

Total carbon (mol/kg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical bal-ance (eq)

14.000
4.000
0.552

1. 184e+001

= 2. 931e+000
0.000e+000

= 0.000e+000
20. 000
2.L97e+001



Percent error, 100*(Cat-lAnl)/(Cat+lAnl) = 92.76
Iterations = 5

Total H = 1.139431e+002
Total O = 5.843693e+001-

-Distrj-bution of species---

Species
tog Log Log

Molality Activity Molality Activity Garnna

oH-
H+
H2U^

H (0)
H2

Na
Na+
NaOH

o(0)
o2

8.574e*001
1".432e-01-4
5.551e+001

0.000e+000
0. 000e+000

2 - 4 90e+001
2.283e+001
2.073e+000

7 - 102e-018
3.551e-018

-0. 067
-73.844

L.7 44

. 418

.000

.250

-0.352
-0. 156
0.000

3. 815e-001
1.000e-01-4
5. 621e-001

8.532e+001
3. l-69e+001

1.358
0 - 31"7

13055e+002
7 9930e+00L

-0
-L4
-0

7 -447e-O40 -40.3L2 -39-L28 1-184

Saturation indices---

Phase SI log IAP 1og I(T

5.427e-017 -17.450 -16.255 1.184

H20

1. 931
1.501

0.573
1.184

Charge balance
Adjusted to redox eguilibrium

H2 (sl
H20 (s)
02(s)

-35. 00
-1. 89

-13.41

-39. 13
-o.25

-L6 -27

1_3

64
85

-3
1

-2

H2

02

Beginning of batch-reaction caLculations.

Reaction step 1

UsJ-ng mix 1.

Mixture 1.

Mix NaOH and GW G egu w/ calcite

Mix NaOH and GW G egu w,/ calcite

9.000e-001 Solution 1 Gw G eqb w,/ Calcite
l-.000e-001 Solution 2 NaOH

--Solution composition---------

Elements Molality Moles

c
Ca
Na

3.565e-006
1. 510e-005
2.490e+000

3.565e-006
1.610e-006
2.490e+000

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kgl

Total Co2 (noI/kg)
Temperature (deg C)

Percent error, 1gg* lcat- I An I 1 7 (Cat+ | An I )
Iterations

total H
Total O

13. 173
-'1.872

0. 955
1.270e+000
l-.000e+000
2.931e-001
3.565e-006
20.000
2. 197e+000
86.52
L1

1.1
5.5

-Distribution of sPecies---



Species Molality

-t3.62
-13.62
-33.86
-L6.57
-t3.73

9. 661e-002
6. 709e-014
9.548e-001

2.51-1e-006
1. 003e-007
1 . 5 99e-010
1.561e-010
3. 696e-011
4.499e-016
2.7 06e-01'l

2.401.e-007
5 .57 2e-007
3. 696e-011
4 . 4 99e-015

1.737e+000
1. 633e-001
2.511e-006
1.561e-010

-8.31
-8.45
-2.82
-t.41
-3. 13
7.64

-2.85

-0.7 67
-13.042

'J-.'t 44

-5.525
-5.238
-9. 606
-9. 933

-10.559
-15. 157
-16. 695

-1. 015
-13. 173
-0. 020

-s. 600
-6. 998
-9 -7 96
-9.806

-1_O - 432
-15.347
-t-6 - 568

-0.248
-0.t32
0.000

Log Log Log
Activity Mo1ality Activity Ganuna

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
HCO3-
NaHCO3
CaCO3
CaHCO3+
co2

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+

H(0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

1-.7!2e-OOl
9. 085e-014
5.551e+001

1.033e-034
1.033e-034

3.565e-006
2. 986e-006
5.783e-007
2 .477 e-Ol0
1. 165e-010
2 .759e-011_
5.971.e-016
2.020e-01,7

1. 610e-006
9.357e-007
6.7 44e-007
2.759e-Ol1
6. 971e-016

2.780e-014
1.390e-014

2.490e+000
2 .368e+000
1 .21,9e-001
2.986e-006
l-.155e-010

0. 000e+000
0.000e+000

1.384e-034 -33. 986 -33. 859 0.L27

-6.029
-6.t7!

-10. 559
-15. 157

-6 .620
-6.246

-10.432
-L5.347

-0.07s
-0 .7 6L
-0.190
0.727
0.12-t

-0. 190
0.L27

-0.59L
-0. 075
0.127

-0. 190

1.862e-074 -13 . 857 -13 - 730 0.127

0.37 4
-0. 914
-5. 525
-9. 933

0.240
-0.787
-5. 600
-9. 806

-0. 135
0.'J-27

-0.075
0.1.27

0. 000e+000 -65.728 -66. 601 0.127

----Saturati.on indices---
Phase Sf log IAP logr KT

Aragonite
Calcite
cH4 (g)
co2(S)
H2(s)
H2o(g)
02 (s)

-5. 31
-5. 16

-31. 04
-r.5. 16
-L0. 60
-1. 66

-63.75

CaCO3
CaCO3
cH4
co2
H2
H2c-
o2

-0
-66

02
50

End of simulation.

Reading input data for simulation 2.

End of run.



Run 8 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BAsF-Hannibal MO\PHREEQ

\123109\mix 1 eqb w calcite and co2.pql
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\123109\mix 1 eqb w calcite and co2.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.1-5.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOTUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE SPECIES
SURFACE t'lasren SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation 1

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2.'l-5. 0\phreeqc.dat
EQUILIBRIUM-PHASES 1

Calcite 0 10
coZ(sl -2 t0

SOLUTION 1 Mix 1
tenp 20
pH 13.173
pe -7.872
redox pe
units
densj-ty
c
Ca
Na
water

Beginning of initial solution calculations.

Initial solution 1. Mix 1

--Solution compos.ition---------

Efements Molality Moles

kgwnunol
1
3
1

2

.565e-005

.61e-006

.49
#ks1

c
Ca
Na

3 - 565e-009
1. 610e-009
2.490e-003

3.565e-009
1.610e-009
2.490e-003

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinitY (eq/kgl

Total Co2 (nol/kg)
Temperature (deg C)

Electrj-ca1 bal-ance (eq)
Percent eror, 100* (Cat- lAn I ) / (Cat+ 15I 1

lterations
Total H
Tota1 O

13. 173
= -7 .8't2

998
58e-002
00e+000
70e-001
65e-009

= 20. 000
: -1.245e-001
= -96.42

5
= 1.L11395e+002
= 5.563324e+001

0.
6.4
1.0
1.2
3.5



-Distribution of species---

oH-
H+
H20

c(-4)
CH4

c (4)
co3-2
NaCO3-
HCO3-
NaHCO3
CaCO3
co2
CaHCO3+

Ca
CaOH+
Ca+2
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

Species

Aragonite
Calcite
cH4 (g)
co2 (g)
H2(s)
HZo(s)
o2 (sl

1.268e-001
7. 950e-014
5.551e+001

1.852e-036
1. 852e-036

3.565e-009
3. 510e-009
5.179e-011
3. 036e-012
2. 566e-015
7 .127e-016
3. 954e-019
1.081e-020

1.6L0e-009
9.270e-010
6. 830e-010
'l .].27e-016
1.081e-020

3. 669e-014
1. 835e-014

2 . 4 90e-003
2.309e-003
1.81_0e-004
5. 1,79e-011
2 .566e-015

0. 000e+000
0. 000e+000

1.009e-001
6."1!4e-0L4
9. 978e-001

1. 553e-009
4.185e-011
2 .4'7 6e-0L2
2. 604e-015
1 .234e-0L6
4.013e-019
8.8L2e-02L

7.491e-010
3. 037e-010
'l .234e-0L6
8.8L2e-O2L

l-. 871e-003
1. 837e-004
4.185e-011
2 .604e-015

-8.31
-8.45
-2.82
-1".41
-3. 13
L.64

-2.8s

Log Log Log
Molality Activity Molality Actj_vity Gamma

1.880e-036 -35.'132 -35 -'t26 0. 006

-0.897
-13. 100

1-7 44

-8.455
-L0.286
-11. s18
-14.591.
-15.t47
-18.403
-L9 .966

-9. 033
-9.166

-1,5.141
-L9 .966

-0. 996
-13. 173
-0. 001

-8.809
-10.3?8
-11. 606
-14.584
-15.141
-18. 396
-20. 055

-9 . t25
-9. 518

-15.141
-20.05s

-0. 099
-0.073

0. 000

-0. 354
-0. 093
-0.089
0.006
0. 006
0-006

-0.089

1. 862e-014 -13. 735 -13 - 730 0.006

-0.093
-0.352
0. 006

-0. 08 9

-2.631
-3.7 42

-L0.286
-L4.591.

-2.728
-3.736

-10.378
-14 - 584

-0.091
0. 006

-0.093
0. 006

0.000e+000 -66-569 -56.5G3 0.006

---Saturation indices--------
Phase SI log IAP log Ifl

-10 .02
-9.87

-32 .91.
-t6 .99
-10. 60
-7.64

-53. 71

-18.33
-18.33
-35. 73
-18 .40
-13.73
-0. 00

-66.56

CaCO3
CaCO3
cH4
co2
H2
H20
02

Begj-nning of batch-reaction calculations.

Reaction step 1.

Using solution 1. Mix 1
Using pure phase assemblage 1.

-----Phase assemblage--------

Phase

Calcite
co2 (s)

Mol_es in assemblage
SI 1og IAP 1og KT Initial Final Delta

0.00 -8.45 -8.45 1.000e+001 1.000e+001 -1.091e_005
-2.00 -3.4L -i,.41 1.000e+001 9.8?8e+000 -L.22Oe_001,

Elements MolaIity Moles



C
Ca
Na

L.220e-001
1. 091e-005
2.490e-003

1".220e-007
1. 091e-005
2.490e-003

-Descri-ption of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinitY (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 199* (Cat- lAnl ) / (Cat+lAnl )

fterations
Total H

Total o

: 8.764
= -3.392

Charge balance
Adjusted to redox equilibrium

.998
991e-002
000e+000
270e-001
220e-00L
.000
245e-001
.40

=0
= 6.

= 1-

=20
= -1.: -96
=15:1.1
= 5.5

11395e+002
87729e+O0L

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
CH4

c (4)
HCO3-
co3-2
co2
NaHCO3
NaCO3-
CaCO3
CaHCO3+

Ud
CaCO3
Ca+2
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o (0)
02

4 .977 e-006
2.049e-009
5.551e+001

4.944e-O22
4.944e-022

1.220e-001-
1.161e-001
5.320e-003
3. 856e-004
9. 719e-005
7. 696e-005
5.315e-006
2.083e-006

1.091-e-005
5.315e-006
3. 516e-006
2.083e-005
1.830e-010

2 .65Le-0L4
1.325e-014

2.490e-003
2.316e-003
9.719e-005
7. 696e-005
7.021e*009

0.000e+000
0. 000e+000

3. 931e-006
1..724e-009
9.979e-001

9 .41.'7 e-002
2.301e-003
3. 919e-004
9. 877e-005
6. 184e-005
5.401e-005
1. 689e-006

5. 401e-006
1.530e-005
1. 689e-006
1.470e-010

1. 865e-003
9. 877e-005
6. 184e-005
7.135e-009

-5.406
-8 .7 64
-0 - 001

-0. 102
-0 - 075

0-000

-5.303
-8.689

L.7 44

5.024e-022 -21.306 -21.299 0.007

-0. 935
-2.27 4

-3 .414
-4.0L2
-4.t1_4
*5.27s
-5-681

01
95
07
91

-0. 091
-0.364

0-007

-5.275
-s.454
-5.681
-9.738

-5.258
-5. I 15
-5.'172
-9. 833

0't
61
91
95

-2.635
-4.0L2
-4.1L4
-8.154

-2.729
-4 .005
*4.209
-8.147

-0.094
0. 007

-0. 095
0. 007

-1.026
-2.638
-3.40'l
-4.005
-4.209
-5.268
-5.772

0.0
-0. 0
0.0

-0. 0

0.0
-0.3
-0. 0

-0. 0

1.347e-014 -13.878 -13.871 0. 007

0. 000e+000 -66.289 -66.282 0. 007

Saturation indices---

Phase SI log IAP 1og KT

Aragonite
Calcite
cH4 (s)
co2 (sl
H2(s)
H20(sl
02(sl

-0. 15
0.00

-18.48
-2.00

-10 .7 4
-1.64

-63.43

CaCO3
CaCO3
cH4
co2
H2
H20
02

End of simulation.

-8.45
-8.45

-2t.30
-3.41-

-13.87
-0. 00

-66.28

-8.31
-8.45
-2.82
-1.41
-3.13
L.64

-2.85



Reading input data for simulation 2

End of run.



Run 8 continued
Input file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\123109\mix 2 eqb w montmorillonite.pqi
Output file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\123109\mix 2 eqb w montmorillonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interacti-ve 2.15.0\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECTES
EXCHANGE SPECIES
SUREACE I.leSren SPECIES
SURTACEJPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreeqc Interactive 2. 15. 0\phreeqc.dat
SOLUTfON 1 mix 2 eqb w montmorillonite

temp 20
pH 8.754
pe -3.392
redox pe
units mmo1,/kgw
density l-
c 0.L22
Ca 1.091e-005
Na 0.00249
water 1 # kg

EQUILIBRIUM_PHASES 1

Ca-Montmorillonite 0 10

Beginni-ng of initial solution calculations.

Initial solution 1. mix 2 eqb w montmorillonite

--Solution composit j-on---------

ELements Molality Moles

C
Ca
Na

1.220e-004
1. 091e-008
2.490e-006

L -220e-OO4
1- 091e-008
2.490e-006

-Description of sofution--

Percent error,

pH
pe

Activity of water
lonic strength

Mass of water (kS)
Total alkalinity (eSlkS)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eS)
100* (Cat- lAnl 1 7 (Cat+lAnl )

Iterations
Total H

Total O

8.764
= -3.392

1. 000: 6.849e-005
l-. 000e+000
1.285e-004

= 1.220e-O04
20. 000

= -1.250e-004
= -96.16

4
:1.1-l0l26e+002
= 5.550659e+001



-Distribution of species---

Species
Log Log Log

Molality Activity Mola1ity Activity Ganuna

oH-
HI
H20

c(-4)
CH4

c(4)
HCO3-
co3-2
co2
NaHCO3
NaCO3-
CaCO3
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H (0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o (0)
o2

3
1

5
6.]-ALe-025

6
1-.220e-004

98 1e-0 0 5
738e- 0 0 9
551e+001

-1-3.52
-L3.52
-24.2L
-6-31

-13.87
-0.00

-66.28

3. 943e-006
L.722e-009
1. 000e+000

1. 174e-004
2.872e-006
4 .87Le-007
1. 628e-010
1. 020e-010
4. 600e-01L
1. 437e-011

1.044e-008
4. 600e-011
1. 437e-011
L .007 e-012

2.466e-0O6
1. 628e-010
1. 020e-010
9.463e-O12

-8.31
-8. 45
-2.82
-L.41
-3. 1_3

1.64
-2.85

-5.400
-8 .'160

1.7 44

-5.404
-8 .7 64
-0. 000

-0. 004
-0. 004

0. 000

. 141e-025 6.1-4Le-025 -24.2L2 -24 .2L2 0. 000

1.185e-004
2. 983e-006
4.870e-007
1 . 62 8e-0 10
1.030e-010
4.600e-011
1.451e-011

1.091e-008
1. 085e-008
4 . 600e-011
1.451e-011
1.016e-012

2 .685e-0L4
1.343e-014

2 .490e-005
2.490e-005
1. 628e-010
1. 030e-010
9.463e-012

0. 000e+000
0. 000e+000

-3.926
-5.525
-6.312
-9. 788
-9. 987

-10 - 337
-10. 838

-7 .965
-10.337
-10 - 838
-11. 993

-3. 930
-s -542
-6.3L2
-9. 788
-9 .99L

-10.337
-70.842

-0.004
-0. 016

0. 000
0. 000

-0. 004
0. 000

-0. 004

1.343e-014 -1,3.872 -1,3.872 0. 000

-7. 981
-r.0.33?
-L0.842
-LL.997

-0. 016
0. 000

-0.004
-0. 004

-5. 604
-9.788
-9.987

-L4.024

-5. 608
-9. 788
-9. 991

-1L.024

-0. 004
0. 000

-0. 004
0.000

0. 000e+000 -66.277 -66.277 0. 000

Saturation indices---
Phase SI 1og IAP log KT

Aragonite
Calcite
CH4 (q)
co2 (g)
H2 (s)
H2o(q)
02 (sl

-5.22
-5.07

-2L.39
-4 .9t

-10 ..t 4
-1.64

-63 .42

CaCO3
CaCO3
CH4
co2
H2
H2C-

02

Beginning of batch-reaction calcul_ations.

Reaction step 1.

Using solution 1. mix 2 eqb w montmorillonite
Using pure phase assemblage 1.

-----Phase assemblage-----e--

Phase

Ca-Montmorillonite

Moles in assemblage
SI 1og IAP 1og KT Initial Finhl Delta

0. 00 -45 .'7 6 -45.'7 6 1. 000e+001 1. 000e+001 -4 .759e-006

----Solution composition----

Mola1ity Moles

1. 109e-005 1.109e-005
1-.220e-004 1.220e-004

Elements

AI
c



Ca
Na
si

7.962e-007
2 .490e-006
1.747e-005

1 .962e-007
2 - 490e-006
L.'147e-005

-Description of solution--

Percent error,

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deq C)

Electrical balance (eq)
199* (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Total H

Total O

= 7.854
: -2.379: 1.000
= 6.825e-005
: 1. 000e+000
= 1.633e-004
: 1.220e-004
= 20. 000
: -1.260e-004: -93.88

Charge balance
Adjusted to redox equilibrium

_1
-a
_c
-J

8

-L1-01-26e+OO2
.550664e+001

-Distribution of specie

Species
Log Log Loq

Molality Activity Molality Activity Gamma

. 900e-007 4 . 854e-007 -6. 310 -6.3L4 -0.004

.412e-008 l-.399e-008 -7.850 -7.854 -0.004

.551e+001 1. 000e+000 1.7 44 -0.000 0.000

oH-
H+
H20

AI
A1(OH) 4-
A1(OH) 3
A1(OH) 2+
A]oH+2
A1+3

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+' CaCO3
NaHCO3
NaCO3-

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

Si
H4Si04
H3Si04-
H2SLOA-2

1 9e-0001

4

1

5
5
1

I
1-

3
7

.099e-005

.587e-008

.204e-008

.466e-011

.103e-014
7.428e-025

7 .428e-025
'1".220e-004

7 .952e-00

1.671e-01

.947e-007

.056e-009

.120e-010

.1.66e-0L2

- 355e-015
2.49Qe-006

2.490e-006
1. 617e-010
1.259e-011
1. 165e-012

0. 000e+000
0. 000e+000

1 - 747e-005
1.731e-005
1.540e-007
5.508e-013

-4.959
-7.066
-7 .91,9

-10.450
-13.149

-4.963
-7 .066
-7 .923

-L0 .477
-13. 185

-0.004
0. 000

-0. 004
-0.017
-0.037

-s. 604
-9 .7 9L

-10. 900
-r.1. 934

-s - 608
-9 .7 91-

-10. 904
-11.934

-0.004
0. 000

-0. 004
0. 000

.L'l7e-004

.929e-006

.646e-007

.056e-009

. 120e-010

.617e-010

.259e-011

1. 165e-004
3.929e-006
3.511e-007
1.046e-009
4 .120e-010
1 - 617e-010
L.247 e-}Lt

-3.929
-5.406
-6. 438
-8.9't'l
-9.385
-9 .7 91-

-10. 900

-3.933
-5,406
-6. 455
-8.981
-9.385
-9 .7 97

-10. 904

-0. 004
0. 000

-0. 016
-0. 004

0. 000
0. 000

-0. 004

-6. 100
-8.977
-9.38s

-11 - 038

-6. 115
-8.981
-9.38s

-1,1.042

-0. 016
-0. 004
0.000

-0.004

1

3
3
1
4

1

1
7
a

1
4

9
4

I

7.428e-025 -24.129 -24.129 0. 000

7.652e-00'l
1.046e-009
4. 120e-010
9 .0't 9e-0L2

1. 089e-005
8 .587e-008
1. 193e-008
3.337e-011
6.528e-014

2.466e-006
1. 617e-010
L.247e-jtl
1. 165e-012

1.731e-005
1.525e-007
5.303e-013

-4.7 62
-5. 8t_3

-12.259

-4 .7 62
-6.817

-12.275

0.000
-0. 004
-0. 0r.?

8.356e-015 -1-4.0'18 -14.078 0.000

0.000e+000 -65.865 -65.865 0. 000

Saturation lndices---

Phase SI 1og IAP 1og KT



AI (OH) 3 (a) -0. 75
Albite -5.53
Anorthite -5.71
Aragonite -4.26
Ca-Montmorillonite 0
Calcite -4.72
cH4 (s) -2L-31
Chalcedony -1.15
co2 (q) -4.00
Gibbsite 1.98
H2(sl -10.9s
H2o (g) -t.64
Kaolinite 3.36
oz(sl -53.01
Quartz -0.71
Sio2 (a) -2.01,

10. 38 11 . 13 AI (OH) 3
-24.86 -1-8.33 NaAlSi3oS
-25.57 -19.86 CaAl2Si2O8
-L2.57 -8"3L CaCO3

00 -45.76 -45.76 CaO.165A12.33si3.67010(oH)2
-12.57 -8.45 CaCO3
-24.13 -2.82 CH4
-4.76 -3.51 SiOz
-5.41 -L.41 CO2
L0.38 I.40 Ar (OH) 3

-14.08 -3. L3 H2
-0.00 L.64 H20
lL.23 7.88 A12Si2O5(OH)4

-65.87 -2.85 02
-4.'t6 -4.06 SiO2
-4.76 -2.75 SiO2

End of simulation.

Reading input data for simulation 2.

End of run.



Run 9

Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\95-5 mix\mix SBNaOH and g5Scalcite GW.pqi
Output file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEO

\01-0510\95-5 mix\mix StNaOH and 95tcalcite GW.pgo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUT ION_MASTER_S PECIES
SOI,UTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE_MAS TER_S PEC I E S

SURFACE SPECIES
RATES
END

Reading input data for simulation 1

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2.15. 0\phreegc. dat
SOLUTION 2 NaOH

tenp 20
pH L4
pe4
redox pe
units nunol/kgw
density L
Na 24.9 NloL/kqw
water 1 * kq

SOIUTION 1 Gw G eqb w/ Calcite
temp 20
pH 7.301
pe -1.841
redox pe
units nunol/kgw
density 1

Ca 0.001789
c 0.003961
water 1 # kg

SAVE solution 1-2
MIX 1 Mix NaOH and GW I equ w/ cafcite

1 0.95
2 0.05

Beginning of initial solution calculations.

Initial solution 1. GW G eqb w,/ Calcite

--Solution composition---------

Elements Molality Moles

3. 961e-006 3. 961e-005
1. 789e-005 L. 789e-006

-Description of solution--

C

Ca

pH
pe

Activity of water
fonic strength

Mass of water (kS)

7. 301
-1.841

L. 000
5.444e-006
1.000e+000



Total alkalinity (eqlkS)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (eg)

199* (Cat- lAnl ) 7 (Cat+ lAn | )

Iterations
Total H

Total O

= 3.626e-006
: 3. 961e-006
:20.000
: -4.751e-008

-0. 65
:3
= )-.ll0l24e+002
: 5. 550623e+001

Percent error,

-Distributi-on of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
o2

1. 058e-025
1. 058e-025

3.961e-006
3.533e-006
4.245e-007
3.000e-009
7.328e-011
8.056e-012

1.789e-005
1.789e-006
7.328e-011
8.056e-01-2
5. 889e-012

L .7 9]-e-0L4
8. 953e-015

0. 000e+000
0. 000e+000

-5.452
-5.372
-8 .523

-10. 135
-LL.094

-5.453
-6.372
-8.528

-10. 136
-11.094

-0. 001
0. 000

-0. 005
-0. 001

0. 000

-5.7 47
-10. 135
-11.094
-1-].230

-5.752
-r,0. 136
-11.094
-Lt.23L

-0. 005
-0. 001
0.000

-0. 001

1.3
5.0
5.5

97
92
64
07

-4
-10
-t-

6Le-007
1 4 e-008
5 1e+001

-1,4.28
-L4 -28
-24.98
-6.37

-14.05
-0. 00

-65. 93

1.358e-007
5. 000e-008
1. 000e+000

3.524e-OO6
4.245e-007
2.968e-009
7 .309e-011
8. 056e-012

1.770e-006
7.309e-011
8. 056e-012
5. 873e-012

-8.31
-8. 45
-2.82
-L.4t
-3. 13
L.64

-2.85

-6.866
-7 .300

1.7 44

-6.867
-7. 301
-0. 000

-0. 001
-0. 001

0. 000

1.058e-025 -24.975 -24.975 0. 000

8. 953e-015 -l-4.048 -14 - 048 0.000

0.000e+000 -65.925 -65.925 0. 000

----Saturation indices-------

Phase SI 1og IAP log KT

Aragonite
Calcite
CH4 (s)
co2(gl
H2(sl
H20(s)
02 (sl

-5. 97
-s. 83

-22.L6

CaCO3
CaCO3
CH4
co2
H2
H20
o263

Initial solution 2. NaOH

---Solutj-on compos ition------
Elements Molality Moles

Na 2.490e+001 2.490e+O01.

--Description of solution-

14. 000pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total carbon (moI/kg)
Total CO2 (moI/kg)

Temperature (deg C)
El-ectrical balance (.q)

4. 000
0.562
.184e+001
.000e+000
.931e+000
.000e+000
.000e+000

20. 000
2. l-97e+001

1a
1
2
0
0



Percent error, 100r'(Cat-lAnl )/(Cat+lAnl ) 92.'16
Iterations : 6

Total H : 1.139431e+002
Total O : 5.843693e+001

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

H (0)
H2

Na
Na+
NaOH

o(0)
o2

74 e-00 1

32e-0'J.4
51e+001

0. 000e+000
0. 000e+000

2.490e+001
2.283e+001
2.073e+000

7. 102e-018
3.551e-018

3.816e-001
1. 000e-014
5.621e-001

8.532e+001-
3. 159e+001

8.5
1.4
5.5

-0.067
-13. 844

1.7 44

-0.418
-14. 000
-0.250

-0.352
-0. 156

0. 000

7 .447e-04O -4A .312 -39.1,28 1.184

1.358
0. 317

1.931
1.501

0.573
1-184

---Saturation indices---------

Phase SI log IAP 1og KT

5.427e-0L7 -17.450 -1.6-265 L.184

-3.13 H2
L.64 H20

-2-85 02

H2(sl
H20(sl
02 (s)

-36.00
-1.89

-13.41

-39. 13
-0.25

-1-6 -27

Beginning of batch-reaction calculations

Reaction step 1.

Using mix L. Mi-x NaOH and G[f, G egu w,/ calcite

Mixture 1. Mix NaOH and GW G egu w,/ calcite

9.500e-001 Solution 1 GW G eqb w/ Calcite
5.000e-002 Solution 2 NaOH

--Solution composition---------

Elements Molality Moles

c
Ca
Na

3.763e-006
l-. 700e-006
1.245e+000

3 - 7 63e-006
1.700e-006
1.245e+000

--------Descrlption of solution---------

pH
pe

Activity of water
Ionj-c strength

Mass of water (kS)
?otaI alkalinity (eqlkg)

Total CO2 (nol/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 1"00* (Cat-lAnl ) /(Cat+lAnl )

Iterations
Total H
Total O

L2.975 Charge baLance
-7.646 Adjusted to redox

a -9'17: 6.511e-001-
1.000e+000
1 . 4 65e-001
3.763e-006
20. 000
1.098e+000
84.35
11

= 1. 111590e+002
= 5.565276e+001

equilibrium

--Distribution of species---



Species
tog tog

Molality Activity Molality Activity

-1. .204
-72.975
-0. 010

Log
Gamma

-o -r27
-0.6'12
-0.168
0.065
0.055

-0. 168
0. 065

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
HCO3-
NaHCO3
CaCO3
CaHCO3+
co2

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+

H(0)
E2

Na
Na+
NaOH
NaCO3-
NaHCO3

o (0)
o2

1. 019e-001
1 .399e-01-3
5.551e+001

2. 951e-034
2.951e-034

3.763e-006
2.926e-006
8.364e-007
6. 599e-010
1.847e-010
6.679e-011
2.1,97e-0L5
1. 008e-015

1.700e-006
1. 117e-006
5. 820e-007
6 .679e-01'L
2.197e-0L5

2.820e*01A
1.410e-014

1.245e+000
1.200e+000
4 .462e-002
2.926e-005
1. 847e-010

0.000e+000
0.000e+000

6.259e-002
L. 060e-013
9. 771e-001

2. 184e-006
1.781-e-007
4.483e-010
2.146e-010
7. 759e-011
L.492e-OL5
7.L72e-016

2.840e-007
4.345e-007
7.759e-011
'J-.492e-0L5

8.512e-001
5. 184e-002
2.18Ae-AO6
2.'J"46e-010

-8.31
-8. 45
-2.82
-L.4'1.
-3. 13
1.54

-2.85

-5.534
-6.078
-9.18r_
-9 -'734

-10.175
-14.658
-15. 996

-0.992
-12.854

1- -7 44

-0.2'J-2
-0.1,21
0. 000

3 . 428e-034 -33. 530 -33 . 4 65 0. 065

1.638e-014 -l-3.851 -l-3.786 0. 065

-5 - 661
-6 --7 49
-9. 34 8

-9 .668
-10. 110
-1_4 -826
-15. 931

-5.952
-5.235

-10. r.75
-14.658

-6.547
-6.352

-10. 110
-14.826

-0.595
-0.L27
0. 05s

-0. 168

0.079
-1.350
-5.534
-9.734

-0.070
-1.285
-5. 661
-9. 668

-0.149
0. 065

-0.L27
0.065

0.000e+000 -66.535 -66.47O 0.065

----Saturation indices---
Phase Sr 1og IAP log KT

Aragonite
Calcite
cH4 (g)
co2(gl
Hz (s)
H20(91
02(s)

-4.99
-4.84

-30. 65
-L4.52
-10. 66
-1. 55

-63 .62

-13.30
-13.30
-33. 4 6
-L5. 93
-L3 .7 9

-0. 01
-66 .47

CaCO3
CaCO3
cH4
co2
H2
H20
o2

End of simulation.

Reading input data for simulati-on 2.

End of run-



Run 9 continued
Input file: C:\Documents and Settings\Jenni-fer\My Documents\BAsF-Hannibal MO\PHREEQ

\010510\95-5 mix\mix 1 eqb w calcite and co2.pgi
Output fiLe: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\01051-0\95-5 mix\mix 1 eqb w calcite and co2.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base.

SOLUT ION-MASTER_S PEC I ES
SOLUTION_SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGEJPECIES
S URFACE_MAS TER_S PEC I ES
SUREACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreegc lnteractive 2.L5. 0\phreeqc.dat
EQUITIBRIUM_PHASES 1

Calcite 0 10
coz (gl -2 'J.0

SOLUTION 1 Mix 1
temp 20
pH L2.975
pe -7.646
redox
units
density
C

Ca
Na
water

.763e-006

.7e-005

.245
*ks

pe
nunol/ kgw
1

3
L

1
1

Beginning of initial solution calculations.

Initial solution 1.. Mix 1

--Solution composition---------

ElemenLs Mo1a1ity Moles

c
Ca
Na

3.763e-009
l-.700e-009
1.245e-003

63e-009
00e-009
45e-003

3.7
1.7
L.2

-Description of solution--

,pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Total alkalinj-ty (eS/kg)

Total CO2 (mol/kq)
Temperature (deg C)

Electrical balance ("q)
Percent error, 169* lCat-lAnl ) /(Cat+151 1

Iterations
Total H

Total O

: L2.975
= -7.645

0. 999
= 3.920e-042
= 1.000e+000

7 .728e-002: 3. ?53e-009
= 20.000: -7.604e-002
= -96.98

5
:1.110897e+002
= 5.558350e+001-



-Dlstribution of species---

Species
Log Log

Molality Activity Molality Activity
Log

Gamma

oH-
H+
H20

c(-4)
CH4

c(4)
co3-2
NaCO3-
HCO3-
NaHCO3
CaCO3
co2
CaHCO3+

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+

H(0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o(0)
o2

7.722e-002
L.225e-0L3
5.551e+001

3 . 34 8e-036
3 - 348e-036

3.763e-009
3. 725e-009
3.220e-0L1.
5 .6L7 e-0L2
2.620e-0L5
1 . 2 65e-015
1. 199e-018
2.9L0e-020

1.700e-009
8.731e-010
8.269e-010
1.265e-015
2.9L0e-020

3.244e-014
L.622e-01.4

1.245e-003
1. 184e-003
6 .127 e-0Q5
3.220e-01'J,
2.620e-01,5

0. 000e+000
0. 000e+000

6.40Le-002
1. 059e-013
9. 987e-001

1. 883e-009
2. 693e-011
4.736e-012
2 .644e-0L5
1.277 e-015
1.210e-018
2.454e-020

4.420e-0L0
6. 917e-010
1-.277 e-O\5
2.454e-020

9.926e-O04
6. 183e-005
2.693e-0]-l
2.644e-0L5

-8.31
-8.45
-2.82
-1.4L
-3. 13

1.64
-2.85

-8.725
-10.5?0
-11.325
-L4.57I
-L4.894
-L7 .917
-19 - 610

-o -296
-0.078
-0 .07 4

0. 004
0. 004
0. 004

-0-0'74

-1.L!2
-L2.9L2

L.7 44

-0.082
-0. 063

0. 000

-8 .429
-10 .492
-11.250
-L4.582
-14.898
-L7.92'l-
-19. 536

-1. 194
-L2 .97 5
-0. 001

-9. 355
-9.160

-]-4.894
-19. 610

3.378e-036 -35.475 -35.471 0. 004

1. 637e-014 -13. 790 -l-3. 785 0. 004

-9. 059
-9. 083

-14.898
-19.536

-0.296
-0 - 078

0. 004
-0. 074

-2.927
-4.2t3

-1-0.492
-1_4 - 582

-3. 003
-4 -209

-10 - 570
-14.578

-0.076
0.004

-0. 078
0-004

0.000e+000 -66.454 -66.450 0.004

---Saturation indices---------
Phase SI 1og IAP log KT

Aragonite
Calcite
CHa (q)
co2 (s)
H2(s)
H20 (s)
02(s)

-9.'t7
-9. 63

-32.65
-15. 5r.
-10. 66
-),.64

-63. 60

-18. 08
-18.08
-35 .47
-17 .92
-1,3 .7 9
-0. 00

-66 - 45

CaCO3
CaCO3
cH4
co2
H2
H20
o2

Beginning of batch-reaction calculations

Reactj-on step 1.

Using solution 1. Mix 1
Using pure phase assemblage 1.

-----Phase assemblage---------

Phase

Calcite
co2 (q)

SI log IAP 1og KT
Moles in assemblage

Initial Final Delta

0.00 -8.45 -8.45 1.000e+001 1.000e+001 -t-.558e-005
-2.00 -3.41 *L.4L 1.000e+001 9.924e+000 -7.569e-002

---Solution composition------

Elements Molality Moles



(-

Ca
Na

'l .570e-002
1.558e-005
l-.245e-003

7 .571e-002
1.558e-005
1 - 245e-003

-Description of solution--

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (uq)
1gg* (Cat- lAn I ) / (Cat+ lAn | )

Iterations
Total H
Total O

14e-006
57e-009
51e+001

=4
--L:.1
:7
=2

8.579
9.781
0. 999
.121,e-0Q2
.000e+000
.73Le-002
.570e-002
0-000

Charge balance
Adjusted to redox equilibrium

Percent error,

-Distribution of speeies---

Species
Log Log Log

Molality Activity Molality Actj-vity Ganma

: -'1.604e-002
= -96.9L:23
: 1.110897e+002
= 5.573493e+001-

oH-
H+
H2U^

c(-4)
CH4

c (4)
HCO3-
co3-2
co2
NaHCO3
NaCO3-
CaCo3
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o (0)
o2

3. r.

3.0
5.5

2.57le-006
2 .637 e-0Q9
9. 987e-001

5. 160e-002
9.838e-004
3. 919e-004
3.456e-005
1 . 4 14e-005
5 . 4 01e-006
2.584e-006

3 . 57 9e-006
5.401e-005
2 - 584e-006
2.250e-0L0

9. 977e-004
3. 455e-005
1.414e-005
2.496e-009

-1.135
-2 -705
-3.4L'J.
-4 .466
-4.771,
-5.272
-5.5L2

-5.590
-8.579
-0. 001_

-7.214
-3.007
-3.407
-4.461
-4.849
-5.268
-5. s88

-5.507
-8.515

1.7 44

-0.083
-0. 064

0. 000
0.000e+000

0. 000e+000
7.570e-0Q2

'l .329e-002
1.971e-003
3.882e-004
3 .423e-005
1. 696e-005
5.350e-006
3. 074e-006

1.558e-005
7. 159e-006
5.350e-006
3.074e-005
2.598e-01-0

2.807 e-040
1.403e-040

1.245e*003
1.194e*003
3.423e-005
1. 596e-005
2. 473e-009

9. 378e-015
4.689e-015

.075

.302

.004

.004

.079

.004

.075

-5 - 145
-5.272
-s.512
-9. s69

-5.446
-5.268
-s.588
-9 - 648

-2.923
-4 .465
-4.77L
-8. 507

-3. 001
-4 .461
-4.849
-8.603

-0.078
0.004

-0.079
0.004

0.000e+000 -125.2L6 -125.2L2 0. 004

-0
-0

301
004
075
o't 9

0
0

-0
0

-0

-0
0

-0
-0

l-. 417e-040 -39. 853 -39 .849 0. 004

4.734e-015 -14.329 -L4.325 0. 004

---Saturation indices---------

Phase SI 1og IAP 1og KT

Aragonite
Calcite
CH4 (q)
co2 (g)
H2(s)
H20(s)
02(s)

-0.1s *8.45
0. 00 -8.45

-L22.39 -L25.21
-2.00 -3.4r_

-36.72 -39.85
-1.64 -0.00

-LL.47 -L4.32

CaCO3
CaCO3
CH4
co2
H2
H20
02

End of simulation.

*8 .31
-8.45
-2.82
-1.41
-3. 13

L.64
-2.85



Reading input data for slmulation 2.

End of run.



Run 9 continued
Input file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEO

\010510\95-5 mix\mix 2 eqb w montmorillonite.pqi
Output file: C:\Documerits and Settings\Jennifer\My Documents\BAsF-Hannibal MO\PHREEQ

\010510\95-5 n:j-x\nix 2 eqb w montmorillonite-pqo
Database file: C:\Program FiIes\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base

SOLUTION_MASTER-S PEC IES
SOLUTION_SPECIES
PHASES
EXCHANGE_MASTER_S PEC I E S

EXCHANGE SPECIES
SURFACE_MASTER_S PEC I E S

SSAPAQT'._SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program FiIes\USGS\Phreegc Interactive 2. 15. O\phreeqc.dat
SOLUTION L mix 2 eqb w montmorillonite

tenp 20
pH 8.579
pe 9.781
redox pe
units mmol/kgw
density 1

c 0.0757
Ca 1.558e-005
Na 0.001245
water 1 * k9

EQUITIBRIUM-PHASES 1
Ca-Montmorillonite 0 10

Beginning of initial solution calculations

Initial solution 1. rdx 2 eqb w.montmorillonite

ELements MolalitY Moles

C
Ca
Na

?.570e-005
1.558e-008
1.245e-006

7 .5?0e-005
1.558e-008
1 - 245e-006

-DescriPtion of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eq/kS)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
1gg* (Cat- lAnl ) / (Cat+lAnl )

fterations
Total H
Total O

= -96.82
4

= l.1.lOL25e+002
= 5.550645e+001

4
1

=7
=7
=2:-7

8.579
9. 781
1. 000
.138e-005
.000e+000
.903e-005
.570e-005
0. 000
.776e-005

Percent error,



-Distribution of species---

Species
Log Log

Molality Activity Molal-ity Activity

2.575e-006
2 .636e-009
L. 000e+000

7 .348e-005
1. 174e-006
4 .66'l e-007
5. 106e-011
2."116e-ALl
2.090e-011
L.299e-011

1.509e-008
2.716e-0l]-
1.299e-071.
9.496e-013

1.236e-006
5. 106e-011
2 .090e-011
3. 097e-012

-8.31
-8.45
-2.82
-1.41
-3. 13
L.64

-2.85

-4.131
-5. 918
-6.331

-L0.292
-r.0. 566
-10.6'17
-10. 883

-5. 905
-70.292
-10 .67'7
-11.509

-4.1"34
-5. 930
-6.331

-L0.292
-10. 565
-10. 680
-10.886

-1 .82L
-10. 566
-10. 886
-1"2 .022

Log
Gamma

-0. 003
-0.013

0. 000
0. 000
0.000

-0. 003
-0. 003

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co3-2
co2
NaHCO3
CaCO3
NaCO3-
CaHCO3+

Ca
Ca+2
CaCO3
CaHCO3+
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

2.594e-006
2.655e-009
5.551e+001

0.000e+000
0. 000e+000

7 .570e-005
7.402e-005
1.209e-006
4 .661 e-OOl
5. 106e-011
2.7L6e-077
2. 105e-011
1. 309e-011

1.558e-008

-s.586
-8.576

L.7 44

-5.589
-8. 579
-0. 000

-0. 003
-0. 003
0. 000

0 . 000e+000 -!28 .1.34 -L28 .1,34 0. 000

.554e-008

.716e-011

.309e-011

.567e-013
2. 838e-04

.245e-006

. 106e-011

. 105e-011-

.097 e-0L2
9 . 4 60e-015

4.730e-015

-5. 45 -13.
-5.30

-125.32
-4.92

-36.72
-t .64

-tl.47

-7. 809
-10.566
-10. 883
-L2.0L9

-0. 013
0. 000

-0. 003
-0.003

1

2
1

9
0
1

6
1
5
2
3

. 419e-040 1. 419e-040 -39. 848 -39. 848 0. 000
5e-00L.24

-5. 908
-]-0.292
-10.680
-11 - 509

-0. 003
0. 000

-0. 003
0. 000

4.730e-015 -14.325 -74.325 0.000

---Saturation indice

Phase SI 1og lAP log I(I
Aragonite
Calcite
cH4 (s)
co2(g)
H2 (s)
H20(s)
02 (s)

CaCO3
CaCO3
cH4
co2
H2
H20
o2

75
75
13
33
85
00
33

-L3.
-L28.

-6.
-39.
-0.

-t4.

Beginning of batch-reaction calculations.

Reactj-oh step 1.

Using solution 1. mix 2 eqb w montmorill_onite
Usi-ng pure phase assemblage 1.

-----Phase assemblage--------

Moles in assemblage
Phase SI 1og IAP 1og KT Initial Final Delta

Ca-Montmori-Ilonite 0.00 -45.76 -45.76 L.000e+001 1.000e+001 -3.850e-006

El-ements Molality Moles

A1 8. 970e-006 8.970e-006
C 7.570e-005 7.570e-005



Ca
Na
si

6.508e-007
1.245e-006
1.413e-005

6.508e-007
L.245e-006
1 . 4 13e-005

-Description of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kS)
Total alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

El-ectrical balance ("q)
Percent error, 100*(Cat-lAnl ) /(Cat+lAnl )

Iterations
Total H

Total O

= 7.570
= 10.869

Charge balance
Adjusted to redox eguilibriurn

2.543e-007 2
2.709e-008 2
5.551e+001 1

8. 970e-006
8.802e-006 I
1.325e-007 1
3.565e-008 3
1. 951-e-010 1
7.654e-013 7

: -93.71:8
: 1.1-10125e+002
: 5.550649e+001

.524e-007 -6.595 -6.598 -0. 003

. 689e-008 -7 .567 -7 .570 -0. 003

.000e+000 1.7 44 -0.000 0.000

1. 000
.225e-005
.000e+000
.012e-004
.570e-005
0. 000
. ?76e-005

-5. 055
-6 - 878
-7.448
-9.707

-L2.tL6

-5.059
-6.878
-7.45L
-9 -120

-12.'l-45

-0. 003
0.000

-0.003
-0.013
-o -o29

:4
=1
=1
=7
=2
_1

-Distribution of species---

Species Molality
Log Log Log

Activity Molality Activity Garmna

oH-
H+
H2U-

A1
A1(OH) 4-
Al (oH)3
A1(OH)2+
AloH+2
A1+3

c(-4)
cH4

c(4)
HCO3-
coz
co3-2
CaHCO3+
CaCO3
NaHCO3

. NaCO3-
Ca

Ca+2
CaHCO3+
CaCO3
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

Si
H4Si04
H3SiO4-
HzSiOA-2

0. 000e+000
0. 000e+000

7. 570e-005
7.102e-005
4. 557e-006
1. 137e-007
5 .252e-010
1. 068e-010
4.898e-011
1". 980e-012

6. 508e-007
5. 502e-007
5.252e-0L0
1. 068e-010
3.923e-012

0. 000e+000
0. 000e+000

1.245e-006
L.245e-006
4.898e-011
1. 980e-012
3. 036e-013

1.971e-014
9. 855e-015

1.413e-005
1.406e-005
5.491e-008
1.201e-01-3

.736e-006

.325e-007

.538e-008

.903e-010

.159e-013

1.236e-005
4.898e-011
1. 965e-012
3 .036e-013

1.406e-005
6.443e-008
1. 165e-013

0.000e+000 -127.78L -L27.781- 0. 000

6.310e-007
5.213e-010
l-. 068e-010
3 . 8 94e-012

7 . 04 9e-005
4 .567e-006
1. 104e-007
5.213e-010
1.068e-010
4.898e-011
L.965e-012

-4.149
-5.340
-6 .944
-9.280
-9.97t

-10 .310
-11.703

-4.1,52
-5.340
-6.95'1
-9.283
-9.97L

-10.310
-lt.707

-0.003
0. 000

-0. 013
-0. 003

0. 000
0. 000

-0. 003

-6.187
-9.280
-9.971

-11.406

-6.200
-9.283
-9.97L

-11.410

-0. 013
-0.003

0.000
-0. 003

-5. 90s
-10.310
-11. 703
-1,2.518

-s - 908
-10.310
-11.707
-12 .518

-0. 003
0. 000

-0. 003
0-000

0.000e+000 -40.007 -40.00? 0. 000

9.855e-015 -14.006 -1-4.005 0.000

-4.852
-7 - 188

-1_2 -921

0. 000
-0.003
-0. 013

-4.852
-7 .L91

-L2.934

---Saturation indices---------

Phase SI 1og IAP log KT



A1(oH) 3 (a) -0.57
Albite -7.20
Anorthite -6.LG
Aragonite -4.85
Ca-Montmorillonite 0
Calcite -4.'10
CH4 (g) -124.95
Chalcedony -L.24
co2(gl -3.93
Gibbsite 2.17
Hztcl -36.88
HZo(s) -t.64
Kaolinite
02 (s)
Quartz
SiO2 (a)

10.57
-25.52
-26.02
-13. r.6

00 -45
-13. 15

-127.78
-4. 85
-5.34
10.57

-40.01
-0.00
1L.43

-14.01-
-4. 85
-4. 85

11. t_3

-18.33
-L9. 86
-8.31

76 -45
-8.45
-2.82
-3.61
-r.. 41
8.40

-3. 13
1.64
7.88

-2.85
-4.05
-2.75

A1(oH) 3
NaA1Si308
CaA12Si2O8
CaC03

76 CaO. 165A12.33Si3.67010 (oH) 2
CaCo3
cH4
sio2
co2
AI (OH) 3
H2
H20
A12Si2O5 (OH) 4
02
sio2
sio2

3
-11
-0

.55

.15

-2-
80
10

End of simulation-

Reading input data for simulation 2

End of run.



Run L0

Input file: C:\Documents and Settlngs\.Iennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\99-1 mix\mix 18NaOH and 99Bcalcite GW.pgi
Output fi-le: C:\Documents and Settings\,Jennifer\My Documents\BAsf-Hannibal MO\PHREEQ

\010510\99-1 mix\mix IENaOH and 99Scalcite GW.pgo
Database file: C:\Program FiIes\USGS\Phreeqc Interactive 2.L5.0\phreeqc.dat

Reading data base.

SOTUT ION_MASTER_S PEC I ES
SOLUTION SPECIES
PIIASES
EXCIIANGE MASTER SPECIES
EXCHANGE-SPECIES
SURTACE MASTER SPECIES
SURFACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreeqc Interactive 2.L5. O\phreeqc. dat
SOLUTION 2 NAOH

temp 20
pH 14
pe4
redox pe
units rmnol/kgw
density L
Na 24.9 Mol-/kgw
water 1 # kq

SOLUTION 1 GW G eqb w/ Calcite
tenp 20
pH 7.301
pe -1.841-
redox pe
units runol/kgw
density L

Ca 0.001789
c 0. 003961
water 1 # kg

SAVE sofution L-2
MTx 1 Mix NaoH and GW G egu w/ calcite

1 0.99
2 0.01.

Beginni-ng of initi-al solution calculations.

Initial solution 1. GW G eqb w,/ Calcite

--Solution composition--------

Elements Molality Moles

3. 961e-006 3. 961e-006
1.789e-006 1.789e-006

-Description of solution-

c
Ca

pH=
pe

Activity of water
Ionic strength

Mass of water (kg)

7 .301
-1. 841

L. 000
5. 444e-006
1. 000e+000



Total alkaliniry (eSlkg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (.q)

Percent error, 100* (Cat-lAnl ) / (Cat+lAnl )

Iterations
Total H =
Total O

3
3
2

-:

1.
5.

.626e-006

.961e-006
0. 000
.751e-008
0. 6s
3
L10L24e+002
550523e+001

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H (0)
H2

o(0)
o2

1.361e-007
5. 0L4e-008
5.551e+001

1.058e-025
1.058e-025

3.961e-006
3.533e-006
4.245e-007
3. 000e-009
7.328e-011
8. 055e-012

1.789e-006
1. 789e-006
7.328e-011
8. 056e-012
5.889e-012

1-.791e-0L4
8. 953e-015

0. 000e+000
0.000e+000

1.358e-007
5. 000e-008
1. 000e+000

3. 524e-005
4.245e-007
2. 968e-009
7.309e-011
8. 056e-012

1.770e-006
7. 309e-01-1
8. 056e-012
5. 873e-012

-8 .31
-8. 45
-2.82
-t.41
-3. 13
L.64

-2.85

1.058e-025 -24.9'15 -24.9'?5 0-000

-6. 866
-7.300

L.7 44

-6 -867
-7 .30L
-0.000

-0. 001
-0. 001
0.000

-5.452
-6.372
-8.523

-10. 135
-11.094

-5.453
-6.372
-8 .528

-10. 136
-11.094

-0.001
0. 000

-0.00s
-0.001

0. 000

-5.7 47
-1_0. 135
-11. 094
-1r..230

-5.752
-10. 136
-11.094
-L1,.23L

-0. 005
-0. 001

0. 000
-0. 001

8. 953e-015 -14.048 -14 .048 0-000

0.000e+000 -65.925 -65.925 0. 000

----Saturation indices---
Phase SI 1og IAP 1og I(T

Aragonite
Calcite
cHa (s)
co2 (g)
H2(s)
H2o (q)
02(sl

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Tota] alkalinity (eq71n1

Total- carbon (moI/kg)
Total Co2 (nol/kg)

Temperature (deg C)
Electrj-ca1 balance (eq)

CaCO3
CaCO3
cH4
co2
H2
,120
02

14.000
= 4.000

0.562
= 1.184e+001
= 1.000e+000

2.931e+000
= 0.000e+000

0. 0b0e+0OO
20.000
2.197e+OOL

-5.97
-5. 83

-22.16
-4 .97

-L0.92
-\.64

-63.07

-1_4 - 28
-1,4.28
-24 .98

-6.37
-14.05
-0. 00

-65. 93

Initial solution 2. NaOH

---Soluti-on compositi_on*------

Elements Molality Moles

2.490e+001 2.490e+001

-Description of solution--

Na



Percent error, 100* (Cat- lAnl ) / (Cat+151 1

Iterations
Total H
Total O

-1

-E-J

92 -76
6

.139431e+002
- 843693e+001

-Distribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamna

oH-
H+
H20

H(0)
H2

Na
Na+
NaOH

o(0)
o2

8.574e-001
1.432e-0L4
5.551e+001

0. 000e+000
0.000e+000

2.490e+001
2.283e+9OL
2.073e+000

7. 102e-018
3.551e-018

-0.06't
-L3.844

1, .'7 44

-0.418
-14. 000
-0 -2s0

-0.3s2
-0. 156

0. 000

3.8
1.0
5.6

l-6e-001
00e-014
21e-001

8.532e+001
3. 169e+001

1.358
0.31?

r.. 931
1.50r.

7 .44'le-040 -40.3L2 -39.L28 1-184

0.573
1. 1-84

5.427e-0L7 -17.450 -L6.265 1. 184

---Saturation indices---------

Phase SI 1og IAP log Ifl

H2(sl
H20(s)
02 (s)

-36. 00 -39. r.3 -3. 13 s2
-L.89 -0.25 1.64 H20

-13.41 -L6.27 -2.85 02

Beginning of batch-reaction calculations.

Reaction step 1.

Using mix 1. Mix NaOH and GW G equ w,/ calcite

Mixture 1. Mix NaOH and GW G egu w/ calcite

9.900e-001 Solution L cw I eqb w/ Calcite
1.000e-002 Solution 2 NaOH

--Solution composition---------

Elements Molality MoIes

C

Ca
Na

3 . 92 1e-006
1.771e-006
2 .490e-OOL

3. 921e-006
1.771e-005
2 .490e-001

-Description of solution--

Percent error,

pH

Pe
Activity of wat.er

Ionic strength
Mass of water (kg)

Total alkalinity (eelkg)
Total CO2 (mol/kg)

Temperature (deg C)
Electrical balance (.q)

1gg* (Cat-lAnl ) / (Cat+;an1 1

Iterations
Total H
Total O

1,2.453 Charge balance
-7.053 Adjusted to redox eguilibrium

0. 995
1.358e-001
1. 000e+000
2.93Le-O02
3. 92Le-006
20. 000
2. 197e-001

- 80.92
=10
= 1. 11041?e+002
= 5.553554e+001

-Distribution of species---



Log
Molality Activity Molality

Log
Activity

-1.7L8
-L2.453
-0. 002

Log
Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
NaCO3-
co3-2
HCO3-
NaHCO3
CaCO3
CaHCO3+
co2

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o (0)
02

Species

Aragonite
Calci-te
cH4 (s)
coZ (s')
H2(s)
HZo(q)
02(s)

90e*002
31e-013
51e+001

-1-2.49
-12.49
-32.47
-L4 -36
-13. 93
-0. 00

-66 -L7

l-. 916e-002
3.526e-013
9. 953e-001

1. 669e-006
5. 151e-007
5. 151e-009
5. 455e-010
4.946e-010
3. 165e-0L4
4 .397e-015

5.243e-007
2.456e-007
4.946e-010
3.165e-014

1.883e-001
3.512e-003
1. 669e-005
5 - 455e-010

-8.31
-8.45
-2.82
-1_.4L
-3. 13
t.64

-2 -85

-1.587
-12.363

1.7 44

-5.662
-5.760
-8.175
-9.27'l
-9.319

-13.387
-L4 -3'tO

-5.839
-6.494
-9.319

-13.387

-0. 510
-2.468
-5 .662
-9.277

-0. t_31
-0.089

0. 000

2.5
4.3
5.5

3.247e-033
3.247 e-033

3.921e-005
2 .L77 e-0Q6
1.737e-006
6. 677e-009
5.287e-010
4.'194e-010
4. 103e-014
4.261.e-015

1.771e-006
l-.450e-006
3.203e-007
4.794e-010
4. 103e-014

2.289e-014
1. 145e-014

2 . 4 90e-001
2.456e-001
3. 404e-003
2.L77e-006
5.287e-010

0.000e+000
0.000e+000

-5. 778
-6.2Lt
-8.288
-9.263
-9. 306

-13. 500
-L4.357

-0.115
-0. 451
-0. 113

0. 014
0. 014

-0. 113
0. 014

3.350e-033 -32.489 -32.475 0. 014

1. 18]-e-014 -13. 941 -13. 928 0. 014

-6.280
-6. 610
-9.305

-13.500

-0.442
-0. 115

0. 014
-0. 113

-0.725
-2 .454
-5.1't8
-9 -263

-0. 115
0.014

-0.115
0. 014

0. 000e+000 -55.183 -66.77O 0. 014

---Saturation indi-ces-------

Phase SI log IAP 1og KT

-4.19
-4.04

-29 .66
-L2.95
-10. 80

-1.54
-63.32

CaCO3
CaCO3
CH4
co2
H2
H20
02

End of simulation.

Reading input data for simulation 2.

End of run



Run l-0 continued
fnput file: C:\Documents and Settings\Jennifer\My Documents\BAsE-Hannibal MO\PHREEQ

\010510\99-1 mix\mix 1 eqb w calcite and co2.pqi
Output file: C:\Documents and Settings\.Iennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\99-1 mix\mix 1 eqb w calcite and co2.pqo
Database fil-e: C:\Program Eiles\USGS\Phreeqc Interactive 2.15.O\phreeqc.dat

Reading data base.

SOLUTION MASTER SPECIES
SOLUTION SPECIES
PHASES
EXCHANGE MASTER SPECIES
EXCHANGE_SPECIES
SURFACE IIASTUN SPECIES
SURTACE SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program Files\USGS\Phreeqc fnteractive 2. 15. O\phreeqc.dat
EOUILIBRIUM_PHASES 1

Calcite 0 10
co2(s) -2 10

SOLUTION 1 Mix 1
temp 20
pH L2.45
pe -7.053
redox pe
units runol/kgw
density
C
Ca
Na
watei

Beginning of initial solution calculations.

Initlal sofution 1 Mix 1

--Solution composition---------

Elements Molality MoIes

1

3
1.

0

.921-e-006

.771e-006

.249
#ks1

Ca
Na

3.921e-009
1.771e-009
2.490e-004

3.921e-009
1 - 771e-009
2.490e-Q04

-Description of solution--

pH
pe

Activity of water
lonic strength

Mass of wat6r (kg)
Total alkalinity (eqlkq)

Total CO2 (mol/kg)
Temperature (deg C)

Electrical balance (eq)
percent error, 169* (cat-lAnl ) /(cat+lAnl )

Iterations
Total H
Total O

L2.450
= -7.053

1.000
l-.078e-002
1 - 000e+000
2.L3Le-002
3.921e-009
20.000

= -2.106e-002
= -97.73:5
= 1.110337e+002
= 5.552753e+001



--------Distribution of species

Species
Log Log

MoIaIity Activi_ty Molality Activity
1.913e-002
3.548e-013
9. 996e-001

2 .585e-009
2.178e-011
8.2L8e-01,2
3 . 4 69e-015
2 .7 02e-0L5
L.862e-01.7
2.233e-01.9

8.748e-010
4.090e-010
3 . 4 69e-015
2.233e-01-9

2.206e-004
4.107e-006
8 .2 18e-012
2.702e-A15

-8.31
-8.45
-2.82
-1_.4L
-3. 13
I .64

-2.85

-8.410
-10. 618
-11.039
-L4.46L
-14.569
-L5.731.
-18. 607

-8.588
-t0 .662
-11.085
-t4.460
-14.568
-16.730
-18.6s1

Log
Gamma

-0.1-77
-0.044
-0-046
0. 001
0. 001
0. 001

-0 .044

oH-
H+
H20

c(-4)
CH4

c (4)
co3-2
HCO3-
NaCO3-
CaCO3
NaHCO3
co2
CaHCO3+

Ca
Ca+2
CaOH+
CaCO3
CaHCO3+

H (0)
H2

Na
Na+
NaOH
NaCO3-
NaHCO3

o (0)
o2

2.131e-002
3.892e-013
5.551e+001

1.479e-035
1.479e-035

3 . 92 1e-009
3.888e-009
2.412e-0L1
9. 133e-012
3. 460e-015
2. 695e-015
1. 858e-017
2.4'13e-01,9

L.7'11.e-OO9

-1.6'11
-12.4L0

L.744

-1.718
-12.450
-0. 000

-0.047
-0.040
0.000

1.483e-035 -34 .830 -34.829 0.001

.316e-009

.546e-010

.460e-015

.473e-019
2.387e-01

2 .490e-00
.449e-004
.095e-006
.133e-012
.695e-015

0.000e+000
0.000e+000

-8.881
-9.342

-14.461
-18 .60't

-9.058
-9. 388

-L4.460
-18.651

-0.]-77
-0. 04 6
0.001

-0.044

-3. 611
-5.388

-11. 039
-L4.559

-3.656
-5.387

-11.085
-14.568

-0.045
0. 001

-0. 046
0. 001

1

4

3
2
4
1

4
2
4
9
2

.L94e-AL4 1.197e-014 -L3.923 -!3.922 0.001

0. 000e+000 -66.1,79 -66.1-7i 0. 001

Saturation indices___

Phase SI 1og IAP 1og KT

Aragonite
Calcite
cHa (q)
co2(s)
H2(s)
H2o (q)
02 (sl

-9.34
-9. 19

-32.01
-L5.32
-10.79
-L.64

-63.32

-17.65
-1,7 .65
-34. 83
-16. 73
-L3.92
-0. 00

-66. 18

CaCO3
CaCO3
cH4
co2
H2
H20
o2

Beginning of batch-reaction calcul_ations

Reacti-on step 1.

Using sol-utj_on 1. Mix 1
Using pure phase assemblage 1

--phase assemblage

,i-.r'o1"" 
tlrili"*ttn"r"r_..

carcite 0.00 -8.45 -8-45 1.000e+001 1.000e+001 -7.119e-005co2(q) -2.00 -3.41 -r.47 1.000e+001 9.978e+000 -2.L62e-002

Elements Molality Moles



c
Ca
Na

2.169e-002
7. 120e-005
2.490e-0Q4

2 .L'7 0e-002
7.120e-005
2.490e-004

-Description of solution--

pH
pe

Activi-tY of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (moI/kg)
Temperature (deg C)

Electrical balance (eq)
Percent error, 1gg* (Cat- | An I ) / (Cat+ | An | )

fterations
Total H

Total O

= 8.069 Charge balance
= -2.728 Adjusted to redox equi-librium
= 1. 000
= 1. 110e-002
= 1. 000e+000
: 2.1"45e-002
: 2-L69e-002
= 20.000
: -2.106e-002: -96.62:L2
= 1.110337e+002
:5-557099e+001

-Distrj-bution of sPecies---

Species
Log Log Log

Motality Activity Molality Activity Ganuna

oH-
H+
H20

c(-4)
CH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3
NaHCO3
NaCO3-

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H(o)
H2

Na
Na+
NaHCO3
NaCO3-
NAOH

o(0)
o2

8 . 8? 9e-007
9.352e-009
5.551e+001

8.'136e-022
B -736e-022

2.169e-002
2.LL4e-002
3.909e-004
L.424e-004
9.264e-006
5.387e-006
2.370e-Q06
3 .34'l e-007

7. 120e-005
5. 654e-005
9.264e-006
5.387e-006
8.095e-010

3. 090e-014
1.545e-014

2.490e-004
2.463e-004
2.370e-006
3.347e-007
L.7t2e-0l0

-0. 15
0. 00

7. 960e-007
I .526e-009
9. 996e-001

1.907e-002
3. 919e-004
9.419e-005
8.355e-006
5.401e-006
2.37 6e-006
3. 007e-007

-6. 099
-8.069
-0. 000

-0. 047
-0. 041

0. 000

-6.O52
-8.O29
t.'t 44

8.758e-022 -21,.059 -21.058 0. 001

3.738e-005
8 .355e-006
5.401e-006
'7 .214e-010

1 . 54 9e-014

2.2L6e-004
2.376e-006
3. 007e-007
1.715e-010

-L.675
-3. 408
-3.847
-5. 033
-5.269
-5 .625
-5 .47 5

-L.720
-3 .407
-4 -026
-5.078
-s.268
-5 .624
-6.522

-0.045
0.001

-0.L79
-0.045

0. 001
0. 001

-0.046

-4.248
-5.033
-5 -269
-9.092

-4.427
-5.078
-5.268
-9. 138

-0. 180
-0. 045

0. 001
-0-046

-3. 609
-5.625
-6.475
-9 .7 67

-3. 654
-5 .624
-6 -522
-9 -"165

.046

.001

.046

.001

-13. 8l_1 -13. 810 0. 001

-0
0

-0
0

0. 000e+000
0.000e+000 0.000e+000 -66.403 -66-402 0.001

Saturation indices---

Phase 51 log IAP log KT

Aragonite
Calcite
CH4 (s)
co2(s)
H2(s',t
H20 (s)
oz (s)

*L8.24

CaCO3
CaCO3
cH4
co2
H2
H20
02

End of simulation.

-2.00
-10. 58

-1.64
-63.55

-8 .45
-8 .45

-21.06
-3 .4L

-13.81
-0. 00

-66.40

-8.31
-8.45
-2.82
-1.41-
-3. 13

1,.64
-2.85



Reading input data for simul-ation 2

End of run.



Run l-0 continued
fnput file: C:\Documents and Settings\Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\99-1 nuix\mix 2 eqb w montmorilloni-te-pqi
Output file: C:\Documents and Settings\,Jennifer\My Documents\BASF-Hannibal MO\PHREEQ

\010510\99-1 mix\mix 2 eqb w montmorillonite.pqo
Database file: C:\Program Files\USGS\Phreeqc Interactive 2.15.0\phreeqc.dat

Reading data base

SOLUT lON-MASTER_S PEC IES
SOLUTION_SPECIES
PHASES
EXCHANGE_MASTER-S PEC I ES
EXCHANGE SPECIES
S UREACE_MASTER_S PEC I E S

SURFACE_SPECIES
RATES
END

Reading input data for simulation 1.

DATABASE C: \Program EiIes\USGS\Phreeqc Interactive 2 -15. O\phreeqc-dat
SOLUTION 1 mix 2 eqb w montmorillonite

temp 20
pH 8.069
pe -2.728
redox pe
units nunol/kgw
density 1
c 0.02L69
Ca 7.'L2e-005
Na 0.000249
water 1 # k9

EOUILIBRIUM_PHASES 1

Ca-Montmorillonite 0 10

Beginning of initial solution calculations.

Initial solution 1. mix 2 eqb w montmorillonite

--Solution comPosition--------

Elements MolalitY Moles

c
Ca
Na

2. 169e-005
7. 120e-008
2 - 490e-0Q7

2. 169e-005
7. 120e-008
2.49Qe-007

--------Description of solution--------

pH
pe

Activity of water
fonic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Tota1 CO2 (moI/kg)
Temperature (deg C)

Electricaf balance (eq)
100* (Cat- lAn I ) I (Cat+ 151 I

Iterations
Total H
Total O

= 8.069
: -2.728

1.000
1 . l-4 6e-005

: 1- 000e+000
2.215e-005
2.169e-005
20. 000

= -2.176e-005
= -96.45
_a
-l

-E

3
- 11-0125e+002
.550628e+001

Percent error,



-Dist.ribution of species---

Species
Log Log Log

Molality Activity Molality Activity Gamma

oH-
H+
H20

c(-4)
cH4

c(4)
HCO3_
co2
co3-2
CaHCO3+
CaCO3
NaHCO3
NaCO3-

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
o2

7

I
EJ

9 .664e-025
9

2.169e-005

. 990e-007

.564e-009

.551e+001

.115e-005

.330e-007

. 056e-007

.737e-011

.118e-011

.939e-012

.731e-013

-14.L4
-14.14
-24.01
-6.36

-13.81
-0. 00

-66 - 40

7. 958e-007
8 .531e-009
1. 000e+000

2. 107e-005
4 - 330e-007
1 . 04 0e-007
1.730e-011
1 - 11Be-011
2.939e-0L2
3. 717e-013

7.006e-008
1.730e-011-
1. 118e-011
1. 353e-012

2.480e-007
2.939e-012
3.717e-013
1. 921e-013

-8.31
-8.45
-2.82
-L.41
-3. 13

L.64
-2.85

-6 .097
-8. 067

1.7 44

-4.6"t5
-6.363
-6 .97 6

-10. 750
-L0.952
-17.532
-L2.428

-6 .604
-11.532
-1_2.428
-1_2.717

-6.099
-8.069
-0. 000

-0. 002
-0.002
0. 000

664e-025 9.564e-025 -24.0L5 -24.0!5 0. 000

7 00e-0L2

2
4
1
t-

1
2
3
8

7
1

1
1

-4 .67 6
-6.363
-6. 983

-L0 .7 62
-10.952
-1"1.532
-L2 .430

-6. 606
-1-1.532
-1_2 - 430
-1_2 - 7 L7

-0. 002
0. 000

-0. 00?
-0. 002

0. 000
0. 000

-0.002

.117e-008

.737e-01-1

.118e-011

.368e-012
3. 098e-014

1.549e-01-4
2.490e-OO-l

2.490e-007
2.939e-012
3. 731e-013
1. 921e-013

0. 000e+000
0. 000e+000

-1 .748
-10.760
-10.952
-11.864

-7. 155
-L0 .7 62
-t0 .952
-11.866

-0. 007
-0. 002
0. 000

-0. 002

1. 549e-014 -13. 810 -13. 810 0. 000

-0. 002
0. 000

-0. 002
0.000

0. 000e+000 -66.401 -66.40L 0. 000

-*-Saturation indices---------
Phase SI log IAP 1og KT

Aragonite
Calcite
cHa (s)
coZ (g)
H2(s)
HZo(g)
02 (s')

-5. 83
-5. 68

-2L.20
-4 .96

-10. 68
-7.64

-63.55

CaCO3
CaCO3
cH4
ca2
H2
H20
o2

Beginning of batch-reactj_on calculations.

Reaction step 1.

Using solution 1. mix 2 eqb w montmorillonite
Using pure phase assemblage 1.

-----Phase assemblage---------

Moles in assembLage
Phase SI log IAp log KT Ini-tial Final Delta

Ca-Montmorillonite 0.00 -45.76 -45.75 1.000e+001 1.000e+001 -2.632e-OO6

---Solution composition------
Elements Motality Moles

AI 6. 133e-006 6. 133e-006
C 2.169e-005 2.1G9e-005



Ca
Na
si

5. 055e-007
2 .490e-007
9. 661e-006

5. 055e-007
2.490e-007
9. 661e-005

-Descri-ption of solution--

pH
pe

Activity of water
Ionic strength

Mass of water (kg)
Total alkalinity (eqlkg)

Total CO2 (mol/kg)
Temperature (deg C)

Percenr error, ,r5}?8:lliil iiis::; fi?l
Iterati-ons

Total H
Total O

= 7.031: -1. 314: 1-000

Charge balance
Adjusted to redox eguillbrium

03e-005
00e+000
42e-005
69e-005
000
76e-005

- -85.95
=7
= 1.110125e+OOz
:5-550631e+001

.342e-008 9.304e-008 -7. 030 -7.031 -0. 002

.328e-008 'l .29'te-008 -7 . 135 -'l .137 -0.002

.551e+001 1.000e+000 1.7 44 -0.000 0.000

1.3
1.0
4.\
2.L
20.
2.L

-Distribution of species---

Species
Log Log Log

Molality Activity Mo1ality Activity Gamma

H+
oH-
H20

AL
A1(OH) 4-
A1(OH)3
A1 (oH) 2+
A10H+2
A1+3

c(-4)
CH4

c(4)
HCO3-
co2
co3-2
CaHCO3+
CaCO3
NaHCO3
NaCO3-

Ca
Ca+2
CaHCO3+
CaCO3
CaOH+

H(0)
H2

Na
Na+
NaHCO3
NaCO3-
NaOH

o(0)
02

si
H4SiO4
H3SiO4-
H2SLO4-2

I .644e-027
8 .644e-027

2.169e-005
1 . 7 73e-005
3. 956e-006
8.125e-009
1. 033e-010
6.091e-01,2
2.461e-012
2.867 e-0L4

5. 055e-007
5. 054e-007
1.033e-010
6.09Le-0L2
8. 904e-013

5.479e-015
2.7 40e-0L5

2 .490e-00't
2.490e-007
2.46te-012
2 .867 e-0L4
L.7 6Le-014

0.000e+000
0. 000e+000

9. 661e-006
9.548e-006
1.283e-008
6 -'192e-0L5

1.765e-005
3. 956e-005
7. 990e-009
1.028e-010
6. 091e-012
2.46Le-0L2
2.855e-014

4.97Le-007
l-.028e-010
6. 091e-012
8.867e-013

2.480e-007
2 .46'Le-0L2
2. 855e-014
L.7 61e-0L4

9.648e-006
1.278e-008
5.579e-015

-6. 604
-t-1. 609
-13. 543
-13. 754

-6. 506
-11. 609
-L3.544
-L3.754

33e-05.1

9
7

5
06

5
2
2
5
6

568e-006
908e-007
698e-007
085e-009
754e-0I1

-5.254
-6.536
-6 -569
-8.294

-10. 170

-s -256
-6.536
-6.57L
-8.301

-10.187

-0.002
0. 000

-0. 002
-0. 007
-0- 016

5.544e-006
2.908e-007
2 .68'7 e-007
5.000e-009
6. 507e-011

8.644e-027 -26.063 -26.063 0. 000

-4 .7 51
-5. 403
-8. 090
-9. 986

-11.2r5
-11. 509
-13.543

-6 -295
-9.986

-lt.2L5
-12. 0s0

-4.753
-5.403
-8.097
-9. 988

-1_'1.275
-11. 609
-13.544

-6.304
-9. 988

-L1.215
-L2.052

-0.002
0. 000

-0. 007
-0.002
0. 000
0.000

-0. 002

-0. 007
-0. 002

0. 000
-0.002

2.7 40e-01"5 -1.4.562 -L4.562 0. 000

-0.002
0.000

-0.002
0.000

0.000e+000 -64.897 -64.897 0. 000

-5.016
-7 .892

-14.158

-5.015
-'t .894

-14.L75

.000

.002

.007

0

-0
-0

Phase SI 1og IAP 1og ICI



A1(oH) 3 (a) -0.22
Albite -8.58
Anorthite -6.99
Aragonite -6.10
Ca-MontmoriLlonite 0
Calcite -5.95
cH4 (g) -23.25
Chalcedony -L.41

10.91 11. t 3 A1 (OH) 3
-26.91 -18.33 NaAISi3OS
-26 .85 -19. 8 6 CaAl2si2OB
-1rl .40 -8. 3l- CaCO3

00 -45.76 -45.76 CaO.165A12.33si3.67010(oH)2
-t4.40 -8.45 CaCO3
-26.O5 -2.82 CH4
-5.02 -3.61 SiOz
-5.40 -L.41 CO2
10.91 8.40 A1 (OH) 3

-r.4.55 -3. L3 H2
-0.00 1.64 Hz(.J.

11.78 7.88 A12Si2O5(OH)4
-64.90 -2.85 02
-5.02 -4.06 SiO2
-5.02 -2.75 SiO2

co2(g)
Gibbsite
H2tsl
tt2o (c)
Kaolinite
02(s)
Quartz
SiO2 (a)

-4
2

-11
-1

3
-62
-0
-2

.00

.51

.43
64
91
04
96

.26

End of simulation-

Reading j-nput data for simulation 2.

End of run.




